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This manual defines the c,~nfiguration, operation, and maintenance 
requirements for the car.:-raccor-furnished portion of the XV-15 
research instrumentation and data acquisition system. Interface 
with Government Furnished Equipment (GFE) is established through 
schematics and block diagrams. Operation, maintenance, and 
checkout procedures for GFE are not included in this mariual. 
Organization of the Research Instrumentation and Data Acquisition 
Manual is as follows: 
VOLUME I - GENERAL INFORMATION: 
This voiume contains descriptions of systems 
opexation, maintenance and checkout proce- 
dures, calibration procedures, cable design%- 
tions and definition of the CFE/GFE inter- 
face. 
VOLUME I1 - AIRCRAFT S/N 702 CONFIGURATION: 
This volume establishes the instrumentation 
configuration for XV-15 Aircraft No. 1 (S/N 
702). Transducer calibration data and PCM 
setup sheets applicable to Aircraft No. 1 are 
included. 
VOLUME 111 - AIRCRAFT S/N 703 CONFIGURATION: 
This volume establishes the instrumentation 
configuration for XV-15 Aircraft No. 2 (S /N  
703). Transducer calibration data and PCM 
setup sheets applicable to Aircraft No. 2 are 
included. 
VOLUME IV - CFE TECHNICAL DATA: 
This volume contains manufacturer drawings 
and specifications for contractor-furnished 
transducers and related equipment. 
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SECTIQN 1. SYSTEM DESCRIPTION 
This section describes the installation and operation of the 
research instnunentatlcn and data acquisition system. 
1.1 Research Instrumentation System. The XV-15 research instru- 
mentation system consists of a pallet-mounted data acquisition 
system, system controls and indicators, various sensors installed 
throughout the aircraft, an L-band telemetry system, interconnect 
cabling, coraect~,~ and junction boxes. Two independent pulse 
code modulated (PCM) data channels are provided. Each data char- 
nel has a capacity of approximately 47 channels of 100 Hz datz, 
52 channels of 50 Hz data, and 32 channels cf 12 Sz data. Figure 
1-1 illus+zates the research instrumentation system in block dia- 
gram form. 
i 
1.2 CFE/GFE Interface. The data acquisition system is Govern- 
ment Furnished Equipment (GFE) and interfaces with the Contractor 
Furnished Equipment (CFE) as shown in Fiqdre 1-2. Functional 
interfaces are shown as vertical dashed lines with CFE on one 
side and GFE on the other. Design responsibility follows these 
same interface lines. Power available to the research instrmen- 
tation system is detailed in the notes on the diagram. The nose 
boom is identified as the only sensor which is GFE. Components 
of the GEZ: data acquisition subsystem are mounted on an instru- 
mentation pallet which is installed in the cabin yea of the 
fuselage. Arrangement of GFE components on the instrumentation 
pallet is shown in Figure 1-3. The CFE components other than 
sensors, controls, and indicators are mounted on an auxiliary 
instrumentation pallet installed in the aft cabin area of the 
fuselage. Arrangement of CFE component-s on the auxiliary instru- 
mentation pallet is shown in Figure 1-4. 
1.3 Systen Operation. Data from the transducers are forwarded 
to the remote multiplexer-dem~ltiplexer units ( R m U )  which pro- 
vide signal conditioning for the transducer, adjust signal gain 
to programmed value, convert analog data to digits1 form and en- 
code the data into a pulse code modulation (PCM) serial bit 
stream. Transducer excitation (if required) is supplied from a 
separate low voltage (t3V) power source. Two 64-channel pre- 
amplifier filters are available to condition lob level signals 
which require special filtering or amplification. An additional 
active network panel may be used to condition or process trans- 
ducer signals whose characteristics do not readily match tne 
interface requirements of the RMDU. A time correlation base for 
the total system is supplied from a time cade generator. A re- 
mote time code display is mounted in the center area of the in- 
strument panel. All data are recorded on a standard airborne- 
magnetic tape recorder. An interface is available for inflight 
transmission of data from one RMDU via L-band telemetry. 
301-099-022C 
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1.4 Data Acquisition System. The GEE data acquisition system 
provides signal conditioning, time base, PCM encoding, and data 
recording functions. 
1.4.1 Remote Multiplexer/Demultiplexer Unit. The remote multi- 
~lexer/hemulti~lexer unit (RMDU) accepts transducer signals in 
-malo& or discrete digital form; conditions, nomalizts, and 
multiplexes the input data; converts the analog data to a digital 
format; and outputs L?e data in a PCM format. Each unit can ac- 
cept up to 256 channels of data with a serial output of up to 
125,000 twelve-bit words per second. The word rate for the XV-15 
system is limited by the tape recorder tits/inch packing density. 
1.4.1.1 Interface Cards. Interface cards are used in conjunc- 
tion with the RMDU to provide the correct signal conditioning for 
the various aircraft sensors. The RMDU is configured for a re- 
search mission by inserting the appropriate interface cards into 
any of 10 card slots. The following interface cards are used. 
a. Analog Multiplexer Card (AMX). The AKK card accepts 32 
analog input signals and multiplexes them into one sig- 
nal channel. This signal is then presented to the gain 
programmable arcplifier (GPA). Analog signals from 
position potentiometers, temperature scanner, volt- 
meters and pre-sample fiiter cards are processed by AMX 
cards. 
b. Pre-Sample Filter Card (PSF). Each PSF card accepts 
four signal inputs from strain gage transducers, and 
filters . t h e m  through 100 Hz or 50 Hz filters. The PSF 
then am~lifies t-?e signals with a gain of 256. Filter 
frequency and gain are factory adjustable. The output 
of the PSF is presented to an AMX card. 
c. Discrete Multiplexer Card (DMX) . The DMX card accepts 
any three 12-bit words or 36 bits of information, and 
multiplexes this information into the PCM data stream. 
Digital inputs such as record number, control words, 
and fuel quantity are processed by DMX cards. 
d. Scamivalve Driver Card (SVD). The SVD card contains a 
programmable clock which is used to control the scanni- 
valve stepper drive. The clock is set for four pulses 
per second. The card also generates a 12-bit control 
word which is used for the scannivalve position en- 
coder. 
The RMDU contains a 
preselected pro- 
grammable gains to amplify signal. strength to f5.12V full scale 
(gains are 1, 2, 4, 16, 64, 128, 256, and 512). 
m 8 a  wicoptmr- 
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1.4.1.3 SAT-M Module. The RMDU is programmed for frame format, 
frame sync words, subframe ID word, and gain by a Stand-Alone 
Timing Module (SAT-M) which is pre-programmed on a ground based 
PROM programmer. The SAT-M provides PCM outputs of serial NRZT 
code to a telemetering transmitter and serial Miller Code (DM-M) 
to the tape recorder. 
1.4.2 Preamplifier Filter Unit (PAFL. A preamplifier filter 
unit is used for low level simals that reuuire extensive filter- 
ing. The unit provides for 64 chaxmels with a gain from 128 to 
1024 (NASA cards are pre-set to a gain of 256) and a three-pole 
active low pass Butterworth filter. Two PAF units are used in 
the data acquisition subsystem. 
1.4.3 Ta e Recorder. The research instrumentation recorder 
(MARS 14 +-  4 LT-3D is a wide-band, FM, 14-tiack analog recorder 
which takes a 14-inch reel of :nagnetic tape. A PCM bit stream 
from each RMDU, the time code generstor output, and pilots' 
voices are recordcd ou separate tracks. The re aining tracks are 
used to record active network channel outputs if required. Tape 
deck track assignments are shown in Table 1-1. The tape recorder 
is the limiting item in the system due to its bit packing density 
capability as related to amount of tape available, speed of re- 
cording ar?d length of record required for flight testing. The 
MARS 1414 LT-3D recorder is operated at 30 inches per second. a 
record rate of 46,666 words (12-bit words) per second which al- 
lows approximately one hour of full time data recording. Miller 
code is used to achieve this word rate capacity. 
1.4.4 Time Code Generator. The time code generator with inte-+ 
gral battery pack produces an IRIG-8 output for recording on the 
tape recorder and provides both a local and remotely-mounted 
pilots' display. This unit can be synchronized with ratio sta- 
tion WWV (time standard station) and acts as the time base for 
the research instrumentation system. 
1 .4 .5  R-Cal Boxes. The R-Cal boxes use a relay to shunt a pre- 
cision resistor across the C-D leg of each strain gage input 
signal at the PAF boxes. Each R-Cal box has a 32-cllannel capa- 
bility. Five R-Cal boxes are installed on the instrumentation 
pallet. All five boxes are operated by a single push button 
switch located on front face of the active network panel. 
1.4.6 Active - Network Panel. Circuit cards are installed in the 
active network panel to provide special processing for transducer 
signals which are not compatible with -the RMX?U -and for special 
purpose instrumentation requirements such as L9ermocouple signal 
conditioning. Special circuits used in t i e  active network panel 
are described in Section 8 and ixlclude the following functions: 
kW m I 6 c q D t . r ~  
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Digi ta l  s t i c k  pos i t ion  
Temperature scanner 
Left  ro to r  azimuth 
Right ro to r  azimuth 
Data control  log ic  
Mean/peak-to-peak de tec tor  (blade beam bending) 
Mean/peak-to-peak de tec tor  (hub f lapping)  
Fuel quant i ty  
Tape speed control  
1.4.7 Excitat ion Power Supply. A common f 3  Vdc power source is 
provided f o r  exc i t a t ion  of the  research instrumentation t rans-  
ducers (o ther  than a i r  d a t a ) .  The i3 Vdc power supply is  located 
i n  the  instrumentation p a l l e t  and a l l  20 s igna l  d i s t r i b u t i o n  
cables  a re  wired i n  p a r a l l e l  t o  this power supply. 
1.4.8 Patch Panel. The s igna l  i n t e r f ace  between a i r c r a f t  sen- 
so r s  and the  Government-furnished data acquis i t ion  system is a t  
the  patch panel i n s t a l l e d  on the  a f t  end of the  instrumentation 
p a l l e t .  The patch panel cons i s t s  of a f ixed housing w i t h  a  re-  
movable program board. The program board has two sec t ions ,  each 
32 x 40 points ,  for  a t o t a l  of 2560 points .  Signal d i s t r i b u t i o n  
cables a r e  wired i n t o  the  lower program board (Figure 1 - 5 ) .  The 
upper program board (Figure 1-6) serves as the  input  t o  the  GEE 
data  acquis i t ion  system. Spare program boards a r e  provided with 
each a i r c r a f t  t o  allow d i f f e r e n t  da ta  acquis i t ion  programs t o  be 
pre-wired. 
1 .4 .9  Telemetry System. Complete provisions f o r  L-band teleme- 
t r y  a re  i n s t a l l e d  i n  the  a i r c r a f t  fo r  t he  contractor  f l i g h t  test 
- 
program. The telemetry (TM)  systun cons i s t s  of an L-band TM 
t ransmi t te r ,  a  pre-modulation f i l t e r ,  TM antenna, TM t rack  s e l e c t  
switch, TM OFF-ON l i g h t ,  and a TM reset switch. The TM t rans-  
mitter and antennas a r e  provided by BHT fo r  the  contractor  f l i g h t  
test program and w i l l  be removed from the  a i r c r a f t  p r i o r  t o  
government acceptance of the  a i r c r a f t .  The PCM b i t  stream is  
routed from RMDU A and RMDU B t o  the  pre-modulation f i l t e r  u n i t .  
Pre-modulation f i l t e r i n g  is recommended t o  conserve the RF spec- 
t r u m  required fo r  TM. Both PCM b i t  streams a re  present  a t  the  
pre-modulation f i l t e r  and e i t h e r  b i t  stream may be se lec ted  fo r  
telemetry by the  TM s e l e c t  switch located on the  center  pedestal .  
The se lec ted  PCM b i t  stream (RMDU A o r  RMDU B )  i s  routed t o  the  
TM t ransmi t te r  and then t o  the  antennas. Wiring diagrams fo r  the  
telemetry system and pre-modulation f i l t e r  a re  contained i n  Scc- 
t i o n  4. 
1 .5  Controls and Indicators .  Cockpit mounted cont ro ls  and indi-  
ca to r s  for  the  research instrumentation and data acquis i t ion  sys- 
tem include: control  monitor ( p i l o t  information pane l ) ,  c r i t i c a l  
function monitor, ro to r  f lapping ind ica tor ,  temperature monitor, 
a time code generator control  panel, and a control  position 
indica tor .  
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1.5.1 Control Monitor. The control  monitor (Figure 1-7)  is 
mounted i n  the  copi lo t  instrument panel. This instrument has 
f ive  colored l i g h t s ,  three switches and a three-digi t  record 
number display with r e s e t  buttons. The Master Power switch i s  
located on the  r i g h t  s ide  of the  indicator .  When t h i s  switch is  
placed i n  the  up posi t ion the  green PWR ON l i g h t  should i l l u m i -  
nate signifying the  system i s  powered. The Pul l  Tape switch i s  
located on the l e f t  s ide  of the indicator .  When t h i s  switch is 
placed i n  the up posi t ion,  the blue PULL TAPE l i g h t  should illum- 
ina te  s ignifying the tape is being pulled i n  the  tape deck. When 
the  Prime Data button (push-button switch located on the  r i g h t  
s ide  of each power l eve r )  is pushed, the amber PRIME DATA l i g h t  
should begin t o  blink. This shows t h a t  the  system logic  is i n  
the prime data mode. When the  Prime Data button is pushed again, 
the  record number shown on the throe-digi t  display is advanced by 
one d i g i t  and the PRIME DATA l i g h t  w i l l  cease blinking showing 
the  system i s  once again out  of the  prime data mode. Should the 
red FAULT l i g h t  i l luminate,  it indicates  a f a u l t  has occurred i n  
the  system. Pressing the  FAULT button shoulc' c l ea r  o r  turn  off  
the FAULT l i g h t .  I f  the red FAULT l i g h t  does not go out ,  data is  
considered unrel iable  and the  system should kz  shut down. Should 
the white TAPE R P l A I N  l i g h t  i l luminate,  t h i s  indicates  t h a t  f ive  
minutes of tape remain on the r ee l .  Only a few ( i f  any) prime 
data records should be taken before replacing tape i n  the  tape 
recorder. 
1.5.2 Prime Data Switch. The prime data  switch is a push button 
type switch located on the p i l o t ' s  and cop i lo t ' s  power lever .  
When the prime data switch i s  pressed the  control monitor PRIME 
DATA l i g h t  w i l l  b l ink indicat ing t h a t  the data  acquisi t ion system 
logic  is  i n  the prime data  mode. Pressure and temperature sensor 
scans a re  i n i t i a t e d  by the  prime data  switch. The s c m  is t e r -  
minated a t  the  end of the prime data record o r  a t  the end of one 
complete scan cycle. When the prime data switch is pressed a 
second time the  prime data record i s  te&minatcd and the  PRIME 
DATA l i g h t  w i l l  cease blinking. The d + t ~  record number displayed 
on the control monitor w i l l  update a t  the end of each prime data 
record. 
1.5.3 TM Control Panel. The TM control  panel (Figure 1-8) con- 
t a i n s  controls  and indicators  associated with the L-band teleme- 
try system. The control panel is  i n s t a l l e d  i n  the  center ped- 
e s t a l  and contains the following controls  and indicators .  
a .  TM Channel Select  Switch. The TM channel s e l e c t  switch 
i s  a 9-position rotary control switch used t o  s e l e c t  
the data channel t o  transmitted. FM data channels are  
selected by placing the  switch i n  posit ions 1 through 
6 .  Data from e i t h e r  RMDU A o r  B may be transmitted by 
placing the switch i n  the "A'' posi t ion.  The deslred 
RMDU is then selected with the RMDU s e l e c t  switch. A 
CAL posit ion is also avai lable  for  use i n  system check- 
out.  
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b. RMDU A/B Select  Switch. The RMDU A/B switch is a 
two-position guarded toggle switch located on the TM 
- - 
control panel- (Figure 1 )  When placed i n  the A 
posi t ion,  the output of RMDU A is selected f o r  i n f l i g h t  
transmission of data v ia  L-band telemetry. When the TM 
switch i s  placed i n  the  B posi t ion,  the  output of RMDU 
B is selected for  i n f l i g h t  data transmission. The TM 
switch does not a f f e c t  the output from e i t h e r  RMDU t o  
the tape deck. 
c .  TM Reset Swstch and Indicator.  The TM r e s e t  switch i s  
a push button type switch located on the  cockpit center 
pedestal .  This switch i s  used t o  r e s e t  the TM trans- 
mi t te r  power following a power in ter rupt ion  o r  bus 
t rans ient .  TM power on is indicated by a l i g h t  in- 
s t a l l e d  a d j a c e ~ t  o  the  TM r e s e t  switch. 
1.5.4 C r i t i c a l  Function Monitors. Two c r i t i c a l  function moni- 
t o r s  a re  ins t a l l ed  i n  the  a i r c r a f t  t o  enable the  crew t o  monitor 
c r i t i c a l  research instrumentation measurements. These indicators  
(Figures 1-9 and 1-10) a re  located on the l e f t  s ide  of the  in- 
strument panel d i r e c t l v  below the  control monitor. The two chan- 
ne ls  selected fo r  display a re  f o r e ' s f t  hub flapping and blade 
beam bending a t  blade s t a t i o n  52. 
1.5.4.1 C r i t i c a l  Load Meter. The c r i t i c a l  load meter (Figure 
1-91 i s  mounted d i r e c t l y  below the  control monitor. I t  i s  a 
meter that is  driven by the data  system and ca l ibra ted  t o  display 
a given c r i t i c a l  parameter during f l i g h t  and ground runs. The 
channel chosen as  the most c r i t i c a l  channel, o r  the  channel t h a t  
would f i r s t  de tec t  an i r r egu la r i ty  i n  the  ro ta t ing  system, is  
considered t o  be blade beam bending a t  Sta .  52.  The face of the 
meter is marked with green and red arcs  t o  indicate  the c r i t i c a l  
l i m i t  of t h i s  parameter. 
1.5.4.2 Flapping Indicator.  The flapping indicator  (Figure 1- 
1 0 )  is mounted i n  the  copi lot  instrument panel d i r e c t l y  below the 
c r i t i c a l  load meter. I t  is a meter driven by the data  system and 
is ca l ibra ted  t o  indicate  ro tor  plane flapping (F/A hub spring 
motion), stop t o  stop. 
1.5.5 Temperature Monitor. The tuaperature monitor (Figure 
1-11) is mounted i n  the ilpper l e f t  s ide  of the copi lo t  instrument 
panel. Th i s  monitor consis ts  of two function l i g h t s  (CYCLING and 
FAULT), a faur-digi t  readout, and channel se lec t ion  switches. 
1.5.5.1 Function L i g h t s .  When the prime data switch on the 
power lever i s  pressed, the CYCLING l i g h t  w i l l  i l luminate and 
s t ay  illuminated u n t i l  thermocouple and pressure scanning systems 
have scanned a l l  available channels ( 1 . .  the 30 channels for  
each of the three ten~perature scanner locations and the 48 pres- 
sure ports  have each been sampled once). The CYCLING l i g h t  w i l l  
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extinguish when one cycle is complete. The duration of one com- 
plete scan cycle is 12 seconds. A new cycle can be taken by 
nressing the prime data switch once more to turn off prime data, 
then pressing it again to turn prime data back on. The tempera- 
ture monitor will cycle once for each prime data record. Should 
a maifunction occur in any of the three temperature scanner 
locations, the FAULT light will illuminate. The FAULT light can 
be extinguished only by correcting the malfunction. 
1.5.5.2 Digital Readout. A four-digit readout displays tempera- 
ture directly in OF of the selected channel. The digital readout 
will flicker while prime data cycling is occurring. This is be- 
cause the system is reading the input thermocouples at the r ~ t e  
of four per second and the readout is displaying these inputs at 
the same rate. 
1.5.5.3 Channel Selection Switches. Three thumb wheel switches 
are provided on the left of the temperature monitor for channel 
selection. The first switch (left tb right) selects which scan- 
ner location is being monitored. There are three scanner loca- 
tions: (1) left nacelle, (2) aft fuselage, and (3) right na- 
celle. The next two switches control the channel which the 
system is monitoring. There are 30 channels (numbered 0 through 
29) available at each scanner location. A random access feature 
permits any channel to be monitored at any time simply by dialing 
the desired scanner location and channel number. See Table 1-11. 
When the prime data is started, the monitor switches back to the 
zero chanel, and completes one cycle. At the conpletion of prime 
data, the temperature monitor returns to the selected channel. 
1.5.6 Time Code Display Panel. The time code display panel 
(Figure 1-12) is mounted at the top of the center instrument 
panel. It consists of an ON-OFF-LAMP TEST switch, a lamp inten- 
sity control and a six-digit readout. Placing the ON-OFF switch 
in the ON position turns the display on. Placing the switch to 
the LAMP TEST position checks all the lamp segments (all segments 
illuminate showing the numeral eight). The control on the right 
regulates the intensity of the display. The two.. digits on the 
left of the display are hours, the center two digits are minutes 
and the two on the right are seconds. 
1.5.7 Control Position Indicator. The control position indica- 
tfcr (Figure 1-13) is mounted in the lower left side of the pilot 
instrument panel .. It consists of four two-digit displays. - Con- 
trol stick and pedal position are displayed in percent of full 
travel. Each display is identified by both a written title and a 
symbol. Stick positions to be measured are: 
a. F/A cyclic stick position (0% is full aft, 99% -is- full 
forward ) 
k(l m o p t e r m  
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b. Lateral cyclic stick position (0% is full left, 99% is 
full right) 
c. Collective stick position (0% is full down, 99% is full 
UP 
d. Rudder pedal position (0% is full left and 99% is full 
right) 
1.5.8 Digital RPM Indicator. The digital rpm indicator is a 
3-place liquid crystal display (LCD) mounted on the  instrument 
panel glareshield. The indicator (Figure 7-14) displays percent 
rotor rpm to the nearest tenth of one percent. When the rpm ex- 
ceeds a reading of 99.9 percent the first digit begins to flash 
indicating that the displayed reading is above 100 percent e.g. 
(-)1.2 indicates 101.2 percent RPM. This indicator is driven by 
the pilot's triple tachometer. 
1.5.9 Mast Torquemeter. Two mast torquemeters are installed on 
the top center of the instrumentation glareshield. The mast 
torquemeters (Figure 5-15) are driven by the data system and dis- 
play left and right mast torque from zero to 200,000 inch-pounds. 
1.6 Sensors. A variety of aircraft sensors are installed to 
-
measure alrcraft systems performance, -0ntro1 and surface posi- 
tions, loads, temperatures and other ~ngineering data. Sensors 
are selected to provide the most direct method of measurement. 
Accessibility for maintenance and calibration checks is provided. 
Interference with other aircraft systems is minimized thro~gh use 
of lightweight transducers with compact, rigid linkages and 
mounts. Selection of sensors is restricted to those units which 
have proven reliability. Table 1-111 contains a generic listing 
of required aircraft sensors and their functions. Additional 
sensors may be insta? led for special test programs. Further de- 
script.ior, of measureme,rts available and a complete listing of 
required data channels is given in Section 2. Sensor character- 
istics are given in Table 3-1 of Section 3. Vendor specification 
sheets for sensors are included in Volume IV. 
1.7 PCM Data Processing. A flow diagram of the PCM data pro- 
cessing procedure used at the BEIT Ground Data Center (GDC) is 
shown in Figure 1-16 for reference. The tape generated by the 
airborne data acquisition system is brought to the CDC for pro- 
cessing. The tape is mounted on analog playback equipment in 
preparation for data reduction. The Xerox 530 computer set up 
program selects the proper track from the analog tape deck, sets 
up the PCM decom equipment, loads the data conversion program, 
starts the analog tape deck and generates the 530 PCM digital 
tape. The digital tape contains the PCM data in parallel words 
Boll hlkoptor -a
&%,on ol ~..I.,%I\ ,- 
301-099-022C 
8 August 1980 
Use or Olrclosur? 01 OIla nn lh15 M ~ C  IS 9:-1 10 the rcstr~rl~or on Ihr ttll? me 
instead o f  a s e r i a l  b i t  stream. The data on the d i g i t a l  tape is  
reformatted and written on a second d i g i t a l  tape which i s  compa- 
t i b l e  with BHT time h i s tory  and loads analys is  programs. The 
formulas used for  PCM ca l ibrat ion  are contained i n  Appendix I an? 
11. 
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TABLE 1-1. TAPE DECK TRACK ASSIGNMENTS 
Tape NASA Program 
Deck Record/Reproduce Board Input 



















Right Engine VihA -( 
Left Engine Vibration 
Right Engine Vibration 
Time Code Generator 
PCM "B" 
Left  Engine Vibration 
PCM "A" 
Left Engine Vibration 
Time Code Generator 
Voice ( X C S )  
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TABLE 1-11. TEMPERATURE MONITOR CHANNEL NUMBERS 
(-LEI 
I ten: Channel 
Code No. 










Ignitor Solenoid Valve 
Airbleed Control 
Thermocouple Harness Air- 
frame Interface Connector 
Oil in Cooler 
No. 2 Bearing Oil Scavenge 
T-7 Harness 
IAT at O0 
IAT at 120' 
IAT a t  210° 
N Tach Generator 
Ambient 
Transmission: 
Case - Inlet 
Case - Conversion Axis 
Case - Swivel 










Hub Spring Bearing 
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TABLE 1-111. RESEARCH IX4STRUMENTATION TRANSDUCERS 
I AREA 
Torq- 







Right horizontal stabilizer 
Right horizontal stabilizer 
Right vertical stabiluer 
Right p y k n  c o n ~ r s i o n  
spindl 













Nose Gear. Loads 








































TOW fu.4 uwd and fuel flow rate 
foul and static prossure. 1 7  ports 
IOmpom-. 4 fC t)rrmocarpkt 
Snic tnssure. 4 ports 
Tanpor8tuca. wl+e I7 thamrocouplc 
hwnoss 
Trmsmi.tiocl. irrt.rronrwct 
Gas producer spacd (N1) 
Qomr tuS.bin spmd (N21 
Foc. and aft. V8rtiC.I. LmteN.1 
T~n rm io t i an  case and oil. engine oil 
(15 t h m m m p k s .  ..ch engine) 
Ftml control ba position tN1) 
Uppm and ioww p.d. bending 
Bum nd chard bending. torque and shear 
B m  bending, uppcc a d  lower l i n  
Bcun 8nd chord boding. and torque 
b. and chord bending. and torque 
8.un and chord bending 
Ari.l l o rd  
Torque and beam m i n g  
Control nm force and km bending 
Torque and k.m banding 
Torque and beun W i n g  
F- nd a f t  .nd 1.m1 fort. 
Fora 
F a c t  
V u t U  bending 
Fore and a i t  and lateral bending 
Axial force 
Vattical bending 
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TABLE 1-111. (CONTINUED) 
P 
OQSCAlPnON 
bun wd chord knd- 8nd taqm 
(RQU. s t m u  
b a n ,  and chord bonding 
Bond* 12 dtrmctmm) Md torpw 
A.i.1 t one  on .II links 




Positiom n w ~ s u m a n t s  
Poution m e a s u ~ . n t s  
Positton measurements 
Posit- naom~romonts 
Poi t ion n w u u m m s  
Pout tm t-m8sum.nu 
Position ~ u ~ . n t s  
Position M 8 S ~ f U n @ n t S  
Position mdarurements 
Position r n ~ s u f ~ n o n t s  
P - emn measurem.nts 
- n ~ n ~ a ~ u m ~ n t s  
* Wr+V 
612 0.i- 
Pitot port. trom nose boom 
Stattc port. from nose boom 
Radar a l tmetn  
Tcmp.racum proh  
Angle of rttack. ttom nose boom 
Angh uf std.sltp. lrom now  boom 
Pttch. roll. and vaw 











Control Boost Actuators. Loads 





M u n  Iandlng gear 
N o u  kndtna gear 
Horuontal nahluer  




Hub spring mation 
Grnb.1 trunnton f l a ~ n y  
8I.d. feathartny (rtngk) 





Awcntt State M e a s u ~ t s  
A n s m d  
Altttuda 
Outside atr tefnpoature 
Rekt tw w n d  angles 
Arcratt antrude 
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dc voltage and cumnt 
Q u a n t i ~  
fh.rmocoupks A /R to tunp. scamor 
Pnrwrr 
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Figure 1-6. Upper program board--NASA data 
acquisition system interface. 
" - 2 0  0 3.0~3 31c 3 1 2 ~  ,'3:3 @ 313 a 3:3,7-3.3 \3 9:a c : : c - z : ~  2 2 2  
-- --- ..- 




-3:Q 2 ,":a ,'3:2,1 J:J 3 3 2 3  3 3:3 3 ,?:a Q 0:3 C 2 : C  <>'Q.z:Z \-7 2 
-- -- - 
?- n 
-L-L a 3:3 3 3 : g  3  J 2:s 3 Gr(3 3 3:2 2 2-3 2 3-2 2 , 7 - \ _ 7 2 2  (7 C\2 
--- --- --- C- -
":3 3 3 0 3  3 J:0 0 Oz3.J J:G 3 \3:a 3 3:\3-0 -302 C _7*,'2\_' C 2 :: 
- - 
- 4-.- - 
- 3 3 3 : ;  :.;a 3 3;3-010:3 3 3.a a a-2 3 3-2 0-3 3 2 ~ 2  C.Z-;?L> : 
-
rs 3 ~ 2 ~ 3  3.a 3 3.2 c ' ~ : J  3 2 2 
-- -- --- -+-- - 
-3 2 ,?-st3 0-\3 2 \-",' ,' 2.: ;\ ,: 2 " 
'7 3x3 C. OIC. oio-aio o-o o,a-o \r, 3 - a ; ~  0-0 Q ?;>-2 2 z a 
-.-- -- 
" ~ - a  a 3:3 c OIC O ~ C - O : O ~ O - O  a a-o o 3-3.0 0-0 ~1 0-0 2 i ~ - 2  \-7 c - -- 2' 
j ~ - 0  a ~ 1 . 3 ~ ~ ~ 3  0 
'"3-0 3 2 ~ 2 ~ ~  C)*O 3 
' 0 - 3  C 0 : C  2 0 1 1 3  3 
0-0 0'3-00 Q-3 5 3 - 3 ; C  3-0 C .3Q ~11_7*2 ? Z ? a 
- 
3-C;O 3-0 6 13-5 3 3-33 C - 0  13 3-2 ~!i'*,? 2 C' Z " 
.----+-.-- - 
3 '0 .3  C31-L1 0 3.0 3 3-2 3 3.2 ,;CI 0.3 C:L7'c7 L' Z ,' ' 
- -
'"3-9 \3 2:; 3 310 3 3-3.3 2-0 3 9-0 \3 3-a 3 3-3 c' ~ ' 2  Ly 3 2 
ORIGINAL PAGE IS 
OF POOR QUALITY 
DATA RECORDER CONTROL AND MONITOR (PILOT'S INFORMATION PANEL) 
Figure 1-7. Control-monitor. 
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Figure 1-8. Telemetry control panel. 
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CRITICAL FUNCTION MONITOR 
GREEN ARC - 0 TO 100% 
RED ARC - IOOTO itm 
301075-24 
Weston Meter: 0-1 0 clamp 
Figure 1-9. Critical load meter. 
Figure 1-10. Flapping indicator. 
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@ SELECTED CHANNEL TEU* LRA . 'F 0 
Figure 1-11. Temperature monitor. 
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OFF 
LAMP TEST LAMP 
Figure 1-12. Time code display panel. 
301-099-022C 
8 August 1980 
CONTROL COSITION INDICATOR 
. 
F/A CYCLIC U T  CYCLIC COLLECT IVE RUOOER 




Cmtrol Positions am as fdkwt:  
F/A C y c l ~  Stick - OK Full Aft. 100% Full Fwd 
Lateral Stick - 0% Full Loft. 100% Full Right 
Cokt ivo Stick - 0% Full Down. 100% Full Up 
Rudder Pedal - 0% Full Left. 100% Full Right 
100%-00 
Figure 1-13. Control position indicator. 
mall m k ~ t m r ~  
...\, -,*... aa..., 301-099-022C 
iasr Y & s c l m ~ r c  -3 Y t d  *n lr.. ; ~ n  15 <ubta! !c 1-t  relrcl +PI IdH M w  
8 August 1980 
Figure 1-14. D i g i t a l  rpm indicator.  
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YELLOW LlNE AT 130,000 IN-Lb - MAXIMUM CONTINUOUS 
RED LlNE AT 163.000 IN-LO- MAXIMUM TRANSIENT 
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SECTION 2. MEASUREPENTS 
This section describes the measurement capabilities of the re- 
search instrumentation system. Sensor characteristics and in- 
stallation are also discussed. 
2.1 Propulsion System Measurements. Propulsion system measure- 
ments are centered around engine monitoring and performance data 
rs recommended by the engine manufacturer. Transmission and in- 
terconnect system operating parameters are also included in this 
measurement classification. Propulsion system measurements are 
defined in Table 2-1. 
2.1.1 Fuel Systems. Flow rate and total fuel consumed are meas- 
ured for each engine by a turbine-type mass fuel flow system 
manufactured by Eldec Corporation. Tnis system has buffered out- 
puts separating the cockpit indicator from the research instru- 
mentation systm. The turbine-type fuel flow transducer fur- 
nishes a pulsed signal output to the fuel flow signal conditioner 
which produces a voltage output proportional to flow rate and 
generates a 12-bit binary word for total fuel consumed. 
2.1.2 Torque Measurements. Engine torque measurements are pro- 
vided by a Lycoming torque sensor system which is incorporated in 
the LTClK engine. This system measures engine shaft torque by 
sensing the magnetostrictive effect of a ferromagnetic material. 
Transmission interconnect shaft torque measurements are provided 
by a Simmonds precision torque system. This system uses a three- 
gear phase displacement technique to measure  haft deflection as 
a function of applied torque. The data signal is available at 
the system signal conditioner as a high lev21 dc signal voltage. 
2.1.3 Turbine Speed Measurenients. Standard tachometer genera- 
7 - 7  tors are mounted on existxng englne pads for measuring NI and NII 
speed. These two pole units produce a sinewave whose frequency 
tracks some fixed multiple of turbine rpm. This frequency is 
approximately 70 Hz at rated rpm. The rpm signal is routed 
through standard signal cables to Anadex Model PI-355 frrquericy 
to dc converters located in the cabin area. Data is transferred 
approximately 10 times per second to fully define rpm transients. 
2.1.4 Engine Vibration Measurements. The transducers used for 
engine vibration measurements are ENDEVCO Model 2271A piezo-elec- 
trlc accelerometers. The transducer signal output is processed 
by a dual output charge amplifier, ENDEVO Model 2647M77. The two 
output signals froin the special charge amplifier consist of an 
unbiased ac output voltage and a rectified and filtered dc level 
output. The ac signal output is connected to the tape recorder 
where it is recorded on an FM track for broad band data. The 
Ben l4eIkol)t.r- 
- .  \ ..' >- - 301-099-022C 
8 August 1980 
L'w Or 215ilCI re ' bl l?  'P I ~ I !  wr $5 ) t ~ b ) ~ t  IC '"e r n t r ~ ( l Q r  ,n tFC tltrr plDr 
rectified dc level output which represents the average accelera- 
tion level is processed by the PCM data acquisition system and 
recorded as a PCM data channel. 
2.1.5 Pylon and Engine Tenperature Measurements. A low level 
temperature scanninu switch (30 ~oints/switch) will be used in 
each pylon. This &it provides keference juiictions for 26 IC- 
type and 4 CA-type thermocouples. Fluid temperatures are meas- 
ured by inserting a thermocouple into a fluid line through a 
packing gland. Case temperatures are measured by thermocouples 
which are silver soldered to a slotted washer placed under a con- 
venient bolt head or nut. Compartment air temperatures are meas- 
ured by an exposed silver solder thermocouple junction. 
2.1.5.1 Temperature Scanninq System. The temperature scanning 
system can be used as an instrument to monitor any relevant tem- 
peratures on a one at a time basis, or it can be used to scan 
through all thennocouples at a rate of 4 thermocouples per sec- 
ond. It cannot, however, be used to scan and monitor at the same 
time. 
when prime data is not selected, the c~pilot can dial in the num- 
ber corresponding to anv one thermocouple and monitor its temper- 
ature on the temperature monitor (Figure 1-10). Numbers 100-129 
correspond to thermocouples in the left pylon, numbers 200-229 
correspond to thermocouples in the fuselage, and numbers 300-329 
correspond to thermocouples in the right pylon. All other chan- 
nels are inoperative. 
Channels 100, 101, 102, 103, 200, 201, 202, 203, 300, 301, 302, 
and 303 are designed for CR-AL wire. All others are for I-CN 
wire. 
when prime data is selected, the system automatically begins to 
scan. The scan begins with channels: 100 (left pylon), 200 
(fuselage) and 300 (right pylon) and is synchronized with the 
pressure scanning system. Sca~ming continues until prime data is 
terminated or one cycle is completed. Each remote switching nnit 
dumps its data into a separate data channel; therefore, only 30 
scanning periods are required to record a complete set of temper- 
ature aata. 
The temperature monitor also contains two warning lights. One 
light is labeled FAULn. It indicates that either the temperature 
reference junctions are not at the proper temperature, or there 
is an electrical fault in the system. The other light is labeled 
CYCLING. Tke light comes on when prime data is selected and goes 
off when a complete set of temperature and pressure data has been 
- - recorded or prime data is terminated. 
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2.1.5.2 Engine Exhaust Temperature Measurements. Engine exhaust 
measurements are made at the engl.. turbine inlet using a Lycom- 
ing T7 thermocouple harness. This arrangement is necessary since 
the LTClK-4K engine does not have provisions for additional tem- 
perature probe ports in the turbine discharge case. The average 
of the 4 IC thermocouples in the T7 harness are routed to the 
temperature scanner. 
2.1.6 Pylon and Engine Pressure Measurements. A pressure scan- 
ning system is installed in the left nacelle to provide leit 
engine inlet pressure, left engine exhaust gas pressure, and left 
engine compar-hent pressures. Additional transducers are in- 
stalled to provide high frequency engine inlet pressure data at 
the 160 and 320 degree bellmouth positions on the left engine. 
Transmission compartment and nacelle static pressures are pro- 
vided for the left pylon by separate pressure transducers. 
2.1.6.1 Pressure Scanning System. The pressure scanning system 
consists of scannivalve control box, pressure ports, scannivalve 
and integral pressure transducer. The scannivalve is a solenoid 
driven rotary pressure switch capable of switching up to 48 pres- 
sure ports to the diaphragm of the integral pressure transducer. 
The pressure transducer is a 1/2-inch flush diaphragm unbonded 
strain gage unit with a k2.5 psi range. This unit (Statham 
PM131) is temperature compensated between -65' and +250°F and 
provides f4mVNex full scale output. The transd-icer may be re- 
moved from the scannivalve if range changes are required. The 
scannivalve provides position encoding for port identification 
and is furnished with a solid state driver for logic level drive 
compatibility. Physically, the scannivalve is a cylinder 1.98- 
inches in diameter and is 6.63-inches long. Weight is approxi- 
mately 1.75 pounds. The transducer connections and pressure in- 
put ports, including reference port, are accessible at one end. 
Stepper connections and encoder are at the other end. The unit 
is mounted in the aircraft left-hacd nacelle adjacent to access 
panels. The selected scannivalve is a Model 4859 which requires 
no lubrication and is specifically designed for flight testing. 
When PRIME DATA is selected, the system automatically begins to 
scan at a rate of 4 pressure ports per second. The scan begins 
at the HOPE posit-ion and continues to cycle until it returns to 
the H O E  ~;osition (one complete cycle). This cycle is repeated 
during eac3 PRIME DATA record. 
2.1.6.2 Englne Inlet Pressure Measurements. The left engine in- 
let bellmcuth is fitted with an inlet rake consistinu of Pressure 
probe arrhys in nine azimuth positions (see Figure 211 ) . - The low 
pressure and static probes are connected through strip tubing to 
a scannival-.re mounted ahead of the engine inlet. The two high 
frequency probes at the 160 ?nd 320 degree positions are -connec-- 
ted to separate transducers. The inlet rake is fabricated at BHT 
from 1/16-inch diameter stainless steel tubing. Inlet rake data 
provides average inlet pressure measurements and indicates inlet 
distortion patterns. 
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2.1.6.3 Engine Exhaust Measurements. Engine exhaust gas pres- 
sure  measurements a r e  made a t  t he  t a i l  p i p t .  This arrangement i s  
necessary s ince  the  LTClK-4K engine does r.ot have provisions f o r  
pressure por t s  i n  the  turbine discharge case.  The BHT s t a i n l e s s  
s t e e l  t a i l  p ipe is  f i t t e d  with fcur  s t a t i c  pressure  po r t s  a t  the  
loca t ions  shown i n  Flgure 2-2. These po r t s  a r e  routed through 
the f i rewal l  with s t a i n l e s s  s t e e l  tubing t o  the  scannivalve. 
2 . 2  Load Measurements. S t r a i n  gages bonded d i r e c t l y  t 9  a i r c r a f t  
s t r u c t u r e  a r e  u t i l i z e d  t o  measure loads.  Gages a re  placed e t  
loca t ions  t h a t  w i l l  provide high output and l i n e a r  ca l ib ra t ions .  
Most gages a r e  f o i l  type configured i n  a four-active-arm 350 ohm 
bridge c i r c u i t .  This c i r c u i t  provides bene f i t s  of self-compensa- 
t i o n  f o r  both temperature and c e r t a i n  types of c ross  t a l k .  Gages 
a r e  applied under control led condit ions w,th BR600 cement. Indi- 
vidual  gages a r e  connected i n t o  bridges with ;: gcge epoxy insu- 
l a t e d  wire and Budd-type f o i l  terminal s t r i p s .  Pa r t s  a r e  then 
oven baked (150°F) t o  dr ive  out  moisture and covered with Shel l  
956.3 epoxy f o r  pro tec t ive  covering. Testina is performed on the  
bridge t o  determine na turz l  balance and r t a i s t a n c e  t o  ground. 
Temperature compensation is performed a s  required and is effec-  
t i v e  only when it may be assumed t h a t  each gage i n  a bridge i s  a t  
the  same temperature such a s  on control  rods up t o  1.5-inch d i -  
ameter and other  small p a r t s .  Large p a r t s  such a s  main r o t o r  
blades and control  surfaces  cannot be compensated o ther  than with 
the  inherent  compensation of a four-active-arm bridge. 
Cal ibrat ion is performed by appl icat ion of load and measurement 
of gage output. Thzse p a r t s  with multiple gages (wing, blades)  
a r e  loaded i n  beam, chord, and torque. A l l  gages a r e  observed 
and crGss t a l k  is  noted. I f  c ross  t a l k  i s  g rea te r  than 5 percent 
of f u l l  s ca l e ,  then regaging is  generally reqvired a f t e r  recon- 
s ider ing  gage locat ion.  S t r a in  gage ca l ib ra t ions  a r e  performed 
with standard load c e l l s  i n  series w i t h  hydraulic cyl inders  and a 
scanning d i g i t a l  mill ivoltmeter.  Large & a r t s  w i l l  be ca l ib ra t ed  
on the a i r c r a f t .  Tubes, l i n k s ,  and small ? a r t s  a re  cd l ibra ted  i n  
f ix tu res .  Cal ibrat ion loads cover the  f u l l  operating range ex- 
pected of the  p a r t .  Sectlon 7 fu r the r  describes ca l ib ra t ion  pro- 
cedures and requirements. 
Selected s t r a i n  gage locat ions  have redundant bridges i n s t a l l e d  
with terminals i n  accessible  areas .  These terminals a r e  the  so l -  
der  pos t  type and become the  in t e r f ace  between sensor and the  
data  system. A l l  c a l ib ra t ion  data a re  measured a t  these termi- 
na l s .  
2 . 2 . 1  Airframe Loads. Airframe load measurements a r e  shown i n  
Table 2-11 and require  a 50 Hz response with the  exception of the 
wing which require  a 1 0  per rev (100 Hz) response. A l l  airframe 
load sensors a r e  ca l ibra ted  on the  a i r c r a f t  with the exception of 
those on the  control  tubes,  support s t r u t ,  conversion sp indle ,  
and ac tua tor .  Airframe co-ordinates used t o  define gage locat lon 
a r e  shown on Figure 3-3 .  
kll Hollcopter 
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2.2.1.1 Right Winq. Upper and lower wing panel s t r e s s  a t  the  
wing cen te r  s ec t ion  a r e  measured with a s i n g l e  gage on each s i d e  
of the  panel a t  BL 0.  Wing shear is  measured a t  two s t a t i o n s  (WS 
66 and WS 142) with s i n g l e  gages a t  t h e  f r o n t  and r e a r  spars .  
Right wing beam and chord bending a r e  measured a t  WS 22. Right 
wing torque i s  measured a t  WS 22 with gages on the  upper and 
lower wing panel surfaces  f ixed  on diagonal axes a t  WS 22. 
2.2.1.2 Lef tWing ( A i r c r a f t N o .  1 Onlyl. Lef t  wing beam and 
chord bendinq a r e  measured a t  WS 22. Lef t  wing torque is meas- 
ured a t  WS 22  with gages on upper and lower wing panel surfaces  
f ixed on diagonal axes. 
2.2.1.3 Right Horizontal S t a b i l i z e r .  S t r a i n  gage bridges a r e  
i n s t a l l e d  tp measure beam bendina moment a t  two loca t ions  (BL 8 
and 65) .  Chord bending moment h d  torque a r e  measured a t  one 
loca t ion  (BL 8 ) .  
2.2.1.4 Right Ver t ica l  S t a b i l i z e r .  S t r a i n  gage bridges a r e  in-  
s t a l l e d  t o  measure beam bending moment on t h e  upper por t ion  of  
t he  v e r t i c a l  s t a b i l i z e r  a t  WL 110 and WL 114. 
2.2.1.5 Pylon. The r i g h t  and l e f t  conversion spindles  a r e  gaged 
a t  the r o o t  f o r  bending i n  both planes.  These planes r o t a t e  with 
the p y l m  during cocversion. The r i g h t  and l e f t  conversion ac- 
t ua to r  s h a f t  t runnions a r e  gaged f o r  beam bending and a r e  c a l i -  
bra ted t o  measure convers im ac tua to r  a x i a l  force.  The lower 
cowl inboard and outboard supporf, s t r u t s  on t h e  l e f t  and r i g h t  
nace l les  a r e  gaged for a x i a l  load. 
2.2.1.6 Control Surfaces. The var ious  cont ro l  arms o r  tubes a r e  
gaged with bridges measuring input  fo rce  t o  the cont ro l  sur faces .  
A l l  a r e  temperature compensated. The f l a p  torque tubes a r e  gaged 
f o r  torque.  The bending gages on the  var ious  sur faces  a r e  lo-  
cated approximatsly midway between hinge po in t s .  The hor izonta l  
s t a b i l i z e r  incidence ac tua to r  has been replaced by a f ixed  l i n k  
which i s  gaged f o r  ax i a l  force.  I f  a t  a l a t e r  da te  the  ac tua tor  
i s  i n s t a l l e d ,  it w i l l  be gaged f o r  a x i a l  fo rce  a t  t k s  end connec- 
t ed  t o  the  s t a b i l i z e r .  
2.2.1.7 F i igh t  Controls. The p i l o t ' s  con t ro l  s t i c k s  and pedals 
a r e  gaged w i t h  temperature compensated br idges  t o  measure p i l o t  
e f f o r t  i n  pounds of fo rce  a t  t he  cen te r  of t he  g r i p  o r  pedal.  
These gages w i l l  accommodate maximum p i l o t  e f f o r t .  
2.2.1.8 Landing Gear. The th ree  gear assemblies a r e  gaged t o  
measure o leo  s t r u t  l a t e r a l  bending. Each drag s t r u t  i s  gaged fo r  
a x i a l  fo rce .  
- - 
2.2.2  Rotor Loads. Rotor load measurements a r e  shown i n  Table 
2-111. The measurements from the r o t a t i n g  cont ro l  system pass 
through s l i p  r ings  t o  make t h e  t r a n s i t i o n  t o  t he  f ixed cont ro l  
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system. The s l i p  r i n g s  mount above t h e  c o l l e c t i v e  c r o s s  head and 
provide 84 c i r c u i t s .  The l i m i t a t i o n s  on t h e  number o f  c i r c u i t s  
i s  based on t h e  number of  wires t h a t  can be routed  t h r ~ u g h  t h e  
c e n t e r  o f  t h e  c o l i e c t i v e  a c t u a t o r  boos t  tube .  The c e r e ,  o r  r i n g  
po r t i on ,  is  f i xed  and t h e  brushes r o t a t e  with the r o t o r .  Two 
con t ac t s  pe r  c i r c u i t  o f  s i l v e r - g r a p h i t e  ma t e r i a l  r i d e  on co in  
s i l v e r  r i ngs .  The con t ac t s  a r e  rep laceab le  and a r e  designed t o  
wear ntuch f a s t e r  than the r i n g s .  Design brush speed and wear 
r a t e s  show brushes should be inspec ted  and c leaned every 50 
hours.  S ignal  s h i e l d s  a r e  no t  c a r r i e d  through t h e  s l i p  r i n g s  t o  
al low room f o r  36 s i g n a l  p a i r s ,  4 redundant vo l t age  p a i r s ,  and 2 
vo l t age  sense  p a i r s .  This  s l i p  r i n g  i n s t a l l a t i o n  is acce s s ib l e  
by removing t h e  sp inner  f o r  e a se  of  maintenance and t roub le -  
shoot ing.  
A l l  wir ing  i n  t h e  r o t a t i n g  systems used h igh ly  f l e x i b l e  Zatigue- 
r e s i s t a n t  wire. Disconnects a r e  furnished t o  al low teardown of  
pylons.  
2 .2 .2 .1  Rotor Blades. The r ed  b lade  on each pylon i s  gaged a t  
four  s t a t i o n s .  Each s t a t i o n  measures beam and chord bending (ex- 
c e p t  S t a t i o n  22.5 which w i l l  have only  a beam b r i d g e ) .  In addi- 
t i o n ,  S t a t i o n  52.5 and 112 measure torque.  Blade b r idges  a r e  
wired t oge the r  a t  Budd te rmina l s  a t  each s t a t i o n .  Four enameled 
wires p e r  br idge  a r e  then routed  down t h e  t r a i l i n g  edge under an 
epoxy coa t i ng  t o  terminal  p o s t s  c l o s e  t o  t n e  r o o t  end o f  t h e  
b lade .  The hub and blades  a r e  c a l i b r a t e d  i n  a f i x t u r e  a s  a u n i t  
and complete c r o s s  t a l k  d a t a  a r e  recorded.  
2.2.2.2 Rotor Hub. Both hubs a r e  s t r a i n  gaged f o r  beam and 
chord bending on each o f  t h e  t h r e e  sp ind l e s .  Enameled wire con- 
nec t s  the gages t o  a cce s s ib l e  t e rmina l  p e s t s .  Each mast i s  gaged 
t o  measure bending i n  two p lanes  and t o r q ~ e .  P a r a l l e l  bending is 
i n  l i n e  with t h e  red  b lade  and perpendicular  bending is i n  quad- 
r a t u r e  wi th  t h e  red  b lade .  Mast to rque  is  measured by gages i n  a 
c l e an  a r ea  of  t h e  mast c l o s e  t o  t h e  upper mast cage bear ing.  
Redundant gages a r e  i n s t a l l e d  on both  masts.  A l l  gages a r e  tem- 
p e r a t u r e  compensated. Since t h e  gages a r e  o u t  o f  s i g h t  under t h e  
hub sp r i ng  assembly, f i n e  super- f lex  wire i s  used t o  r o u t e  t h e  
s i g n a l s  up t h e  mast through t h e  .;pline master t oo th  a t  t h e  hub 
at tachment t o  t h e  mast. Cross t a l k  d a t a  is provided. Tolerances 
a r e  approximately halved f o r  t h e  torque br idges  i n  o rder  t o  main- 
t a i n  requ i red  accuracy f o r  performance da t a .  
2 -2 .2 .3  P i t c h  Change Links. All three l i n k s  i n  each r o t o r  a r e  
gaged f o r  a x i a l  fo rce .  These l i n k s  a r e  temperature compensated 
and c a l i b r a t e d  i n  a t e s t  machine. 
2 .2 .2 .4  Swashplate. The l i n k s  d r i v ing  t h e  swashplate ~ f .  both 
r o t o r s  a r e g a g e d  t o  measure d r i v ing  fo rce  i n  pounds. 
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2.2.2.5 Control Boost Actuators. Three actuators are gaged with 
redundant bridges for each pylon. Gages measure axial force on 
the actuator output shaft. Each bridge is temperature compen- 
sated. 
2.3 Position Measurements. TaSie 2-IV lists the position meas- 
uxements and gives the individual transducers selected for the 
most direct method of measurement, for accuracy with enviromen- 
tal variations, for elimination of hysteresis, and for minimum 
weight and lack of mechanical interference. Linear cermet ele- 
ment potentiometers are used for position transducers because of 
increased life and reliability. The elements provide 10K ohm 
resistance in order to limit current drain and line voltage drop 
from the power supply. The standard transducer harness is used 
up to the pstentiometer. The potentiometer is used as a voltage 
divider in the circuit and utilizes a high i~t~pedance signal con- 
ditioner in order to prevent loading of the source. Mechanical 
advantage is used in the form of levers, cable and pulleys, and 
low backlash nylon and aluminum gears in order to transform small 
mechanical motion into linear potentiometer travel equivalent to 
60 percent to 90 percent of allowable electrical travel of the 
potentiometer. 
Calibration of the position transducer potentiometers is accom- 
plished after installation on test vehicle. The calibration 
is done by measuring applicable surface motion relative to the 
transducer electrical cutput. The calibration accuracy must be 
within fl percent of full scale. Hysteresis and linearity are 
similarly limited and checked during calibration. Full mechani- 
cal Lravel is noted along with the current mechanical rigging of 
the control surface. These full throw points beccme points of 
reference untjl mechanical rigging is changed. 
2.3.1.1 Flaps and Flaperons. The measurement of flap and flap- 
eron positions is by direct drive with a hinge-mounted bellows 
type alignment coupling to a rotory pot. Control surface motioc 
is 20 degrees up and 75 degrees down for flaps and 36 degrees up 
and 61 degrees down for flaperons. Calibrations and data are 
presented in units of degrees. 
2.3.1.2 Elevator. The measurement of elevator position is made 
at the elevator coupled to the contol shaft. Calibrations and 
data are presented in units of degrees. 
2.3.1.3 Rudder. Position of both rudders is measured using a 
linear potentiometer coupled to the rudder actuator shaft. Cali- 
- - bratlons and data are presented in units of degrees. 
2.3.1.4 Main Landing Gear. Spring-loaded cable-controlled ro- 
tary potentiometers are used to measure the relatively large 
2-7 
#ell Helicopter- 
motion of both actuators and both oleo extensions. The actuator 
displacements are calibrated in units of degrees and the oleo 
extensions in units of inches. 
2.3.1.5 Nose Landing Gear. Two spring-loacred cable-controlled 
rotary totentiometers are used to measure and retracticn motion 
- - 
between the airframe and the nose landing gear actuator and oleo 
extension. The oleo extension positioa is calibrate' in uni..s of 
inches displacement while ectuator position is in .!.nits c.' de- 
grees. 
2.3.1.6 Ailerons. The measurement of aileron position is made 
by monitoring displacement of the left and right hzirld flaperon 
actuators. A linear potentioneter is used to sense actuator 
position and is calibrated in degrees of aileron disp1acemer.t. 
2.3.2 Pilot Controls. Primary flight contrcls are in~tr~mented 
to measure pilot control posstion. 
2.3.2.1 Con$rol Stick (Cyclic Stick). Rotary potentiometers aie 
used in close proximity to the stick to scncz position. Fore and 
aft as well as lateral motion is sensed and calibrated in percznt 
of full travel from full aft (0%) and full left (0%) positions. 
2.3.2.2 Power Lever (Collective Stick!. A linear potentiometer 
is connected to the power lever and calibrated ir! percent of full 
travel from the full- down (0:;) position. 
- 
2.3.2.3 . Rudder Pedals. A rotary potentiometzr is connected 
between the rudder pedals to sense position. The motion 1s cali- 
brated in percent of full left and right travel from neutlal 
position (0%). 
2.3.2.4 Throttle (Fuel Control Leverr. The throttle position is 
measured by using a rotary potentiometer at the gas producer fuel 
control lever on each engifie. The positions are calibrated in 
units of degrees. 
2 . 3 . 2 . 5  Flap Controls. A voltage divider circuit is installed 
to measure the flap lever inputs from the pilot The lever input 
is calibrated in units of degrees. 
2.3.2.6 SCAS System. The stability and control augmentation 
system inputs are measured by installing linear potentiometers on 
the fore and aft SCAS actuator, on the lateral SCAS actuator, and 
on the directional SCAS actuator. Each of these actuators is 
calibrated in units of inches displacement. 
2.3.2.7 Differential Cyclic Washout Actuator. The eleztro-- 
mechanical differential cyclic washout act,uator has a linear 
potentiometer installed across the actuator which is used to 
measure actuator position. The potentiometer is calibrated I n  
inches. 
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2.3.3 Rotor Pos i t i ons .  
2 .3 .3 .1  HL? Spring Motion. Spring-loaded p u l l - s t r i n g  potenticl- 
meters a r e  l n s t t l l e d  t o  measure t h e  hub s p r i .  - posi t ior .  r e l a t i w e  
t o  the pylon i n  t h e  f o r e  and a f t  as well  as- l a t e r a l  p lanes .  
These measu.sements a r e  made on bo+h hubs. Cal!brr.tions a r e  In 
u n i t s  of  degrees.  
2.3.3.2 Gimbal Tr:lnnFon Flapping. The gimbal t runnion f l app ing  
-- p o s i t i o n  IS measured a t  each hub. This  nleasurenent i s  made u s i cg  
gear-driven r o t a r y  poten-Lometers between t h e  hub and mast.  
Ca l i b r a t i ons  a r e  i n  u n i t s  o f  degrees.  
2.3.3.3 Red Blade Fehthering.  ded blade  f ea the r i ng  p o s i t i o n  i s  
measured on each r o t o r .  This  measurement is  made us ing  gears  t o  
d r l v e  a r o t a r y  potent iometer  locat,--1 on t h e  c o l l e c t i v e  l e v e r  
(walking beam). Ca l i b r e t i on  is i n  u n i t s  of degrees.  
2 -3 .3 .4  Co l l e c t i ve  Motion. The c o l l e c t i v e  i n p u t  a t  Lle hub is  
met.sured us ing l i n e a r  potent iometers  a t  t h e  cnl lesis ive s l i d e r  on 
both the l e f t  and r i g h t  r o t o r s .  C a l i b r ~ t i o n  u n i t s  a r e  i n  degrees 
o f  b lade  angle.  
2.3.3.5 Swashplate --- Motion. Linear  potent iometers  are  i n s t a l l e d  
t o  measure swashvlata motion i n  t h e  f o r e  arid a f t  a s  wel l  a s  l a t -  
e r a l  p lanes .  Both l e f t  and r i g h t  hand swashplates a r e  meascred. 
Ca l i b r a t i on  u n i t s  a r e  i n  degrees o f  angular  motion. 
2.3.3.6 Conversion Angle. Synchro transmitters a r e  ' inked t o  
t h e  transrr,,ssion conversicn sp ind l e  t o  measure t h e  pylon angle  
dur ing  conversion. Synchrc-to-dc conver te r s  a r c  i n s2a l l ed  t o  
provide t h e  de s i r ed  i npu t  t o  the da t a  a c q u i s i t i o n  system. Both 
r i g h t  and l e f t  pylons a r e  measured a t  t he  a x i s  o f  r o t a t i o n  a t  t h e  
wingtip.  Ca l i b r a t i ons  a r e  i r i  u p i t s  o f  degrees.  
2 . 3  - 3 . 7  Rotor Azimuth. A l ight - in ter rup;ed  photo c e l l  i s  used 
t o  determine t h e  p o s i t i o n  of  t h e  r o t o r  wi th in  1 , 5 1 2  of a revolu-  
t ior , .  Acother photo c e l l  provides one output  p e r  r evo lu t ion  i n  
o rder  t o  index t h e  h igher  pu l se  r a t e  t o  t h e  red  b iade .  
2 .4  Miscellcneous Measurements. Three ca t ego r i e s  a r e  covered 
under t h i s  heading: a i r c r a f t  s t a t e  measurements, system moni- 
t o r s ,  and acce l e r a t i ons .  These measuremenLs a r e  given i n  Table 
2-v. 
2 .4 .1  A i r c r a f t  S t a t e  Measurements. These measurements r e l a t e  t o  
t h e  rig5d-body r e s ~ ~ n s e  o f  t h e  a i , c r a f t  wit.h r e spec t  t o  the out-  
s i d e  world. This group o f  va r i ab l e s  provj.des e s s e n t i a l  perform- 
ance and handling q u a l i t i e s  da t a  ar.1 t h e r e fo r ?  must. be measured 
with high accuzacy. System c a l i b r a t i o n s  a r e  performed on t he  
a i r c r a f t  with 'che exceptlon of  the r a t e  gyros.  
n e H C 0 p t . r ~  
- . , :- " I.'.,- -. 
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- c i  :c\il?,: r e  ?I Ur '* '* ? I , u o i ~ t  lc I n ?  v , t r l c l f r  3(' I r e  t ~ l l e  SP 
2 -4 .1 .1  Airspeed. P i t o t  and s t a t i c  pressure por ts  a re  located 
i n  t!!e GFE nose boom data  head. P i t o t  and s t a t i c  pressure l ines  
a re  routed from the  nose boom t o  a Rosemount d i f f e r e n t i a l  pres- 
sure transducer (Type 542K) whose range i s  0 t o  5 psid 0.- 35(! 
knots f u l l  scale .  This t-ansducer has excel lent  specif icat ions 
fo r  helicopter environment and is a capacitive-sensed, tempera- 
ture-compensated diaphragm un i t .  E x c i t a t i m  i s  28 f 4 v o l t s  dc 
and output is  0 t o  7 vo l t s  dc. Linearity i s  k 0 . 1  percent f u l l  
sca le ,  hysteresis is f0.02 percent Pdll scale .  Temperature vari-  
a t ions are  l e s s  than f l  percent f u l l  sca le  from 2 S 0  t o  125OF, 
referenced t o  7S°F. The p i l o t ' s  airspeed indicator  is  connected 
t o  the nose boom data system. The cop i lo t ' s  airspeed indicator  
i s  connected t o  the a i r c r a f t ' s  p i t o t - s t a t i c  system. 
2.4.1.2 Altitud:. Alti tude is recorded from the same trm-sducer 
a s  airspeed. The Rosemount transducer (Type 542K) measures ab- 
so lu te  pressure from 0 t o  1 0  psia .  Output voltage is propor- 
t iona l  t o  nose boom s t a t i c  pressure, 0 t o  8.2 v o l t s  f o r  -1,000 t o  
40,000 f e e t  of a l t i tude .  Radar a l t i t u d e  w i l l  be furnished ~y the 
recorder output of the radar a l t imeter  e lectronics .  
2.4.1.3 Outside A i r  Temperature. A Rosemount t o t a l  (ram f r e e )  
temperature probe i n  conjunction with R~semount l inear iz ing  elec- 
t ronics  provides a i r  temperature data  a s  a high l eve l  (0-5 v o l t s  
dc)  signal.  The OAT sensor is  mounted under the nose of the  a i r -  
c r a f t .  
2.4.1.4 Relative Wind Angle. Angle of a t tack and angle of side- 
s l i p  i s  furnished by the  GFE data  head on the Rose boom. A dual 
element ~ o c e n t i o s e t e r  furnishes one s ignal  t o  the  data system acd 
one s lgnal  t o  a cockpit display.  
2.4.1.5 Aircraf t  Attitude. Pi tch.  r o l l ,  and yaw angles are  
measured wit.h Humphrey modified M.3. 7044 v e r t i c a l  gyros located 
on the auxi l iary - i n s h e n t a t i o n  p a l l e t .  Pi tch and - r o l l  angles 
a re  measured by one gyro. Yaw angles a re  measured by another 
ident ica l  gyro which is mounted on i t s  end. These gyros have 
erect ion motors and can be caged. 
2.4.1.6 Aircraf t  Angulsr Rates. A three-axis packaged r a t e  gyro 
located on the auxi l iary instrumentation p a l l e t  provides anqular 
r a t e  data.  The gyro js powered w i t h  28  f 4 v o l t s  dc and provides 
25.4 vol t s  dc outputs fo r  f70 degrees pe second input i a t e s .  
T h i s  u n i t  i s  ca l ibra ted  on a standard r a t e  t c 1 ~ l e  and incorporates 
a s e l f - t e s t  torque device. 
2 .4. l .7  Vertical  Acceleration. A servo force balance accelero- 
meter (Kis t l e r  Model 303) measures mean accelerat ion a t  the air- 
c r a f t  center of gravity.  A f i l t e r  network i s  incorporated in the. 
servo feedback loop t o  r e s t r a i n  the sensing mass from high fre-  
quency e f f e c t s .  The cutoff frequency for  t h i s  un i t  i s  5 Hz. 
This uni t  provides fS v o l t s  dc output for  *2.5g input and i s  
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powered by 28 k 10 percent  v o l t s  dc.  A s e l f - t e s t  torque c o i l  i s  
provided. 
2 .4 .2  A i r c r a f t  System Monitors. The primary a i r c r a f t  systems 
t h a t  a r e  monitored a r e  t h e  hydraul ic  system. t h e  e l e c t r i c a l  sys- 
tem, and the f u e l  system. c r i t i c a l  s t r u c t u r a l  temperature meas- 
urements a r e  a l s o  mcnitored. 
2.4.2.1 Hydraulic System. Three Statham Model FL722TC, 0-5000 
p s i ,  genera l  purpose l ln id i rec t iona l  p ressure  t ransducers  a r e  iri- 
s t a l l e d ,  one i n  each system. These t ransducers  u t i l i z e  a d ia -  
phragm a t t ~ c h e d  t o  a 350 ohm r e s i s t i v e  unboilded s t r a i n  gage 
br idge arranged i n t o  a four-act ive-elenent  c o n f i g v r a ~ i o n .  Ful l -  
s c a l e  output  is  5 mv/V. Hysteres is  and l i n e a r i t y  a r c  f0.75 per-  
c e n t  f u l l  s c a l e .  Thermal s h i f t  is  0.01 percen t  f u l l  s c a i e  per  
degree F and ze ro  s h i f t  i s  O . G 1  percent  f u l l  s c a l e  pe r  degree F. 
The u n i t s  a r e  temperature-compensated from -65' t o  +250°F. Na- 
t u r a l  frequency is 50 KHz. Response t o  acce l e r a t i on  is 0.01 
percen t  f u l l  s c a l e  pe r  g. The t ransducers  a r e  i n s t a l l e d  c lo se  t o  
the pressure  source and a r e  c a l i b r a t e d  with a dead-weight t e s t e r .  
2.4.2.2 E l e c t r i c a l  System. A c a l i b r a t e d  shunt  is  i n s t a l l e d  i n t o  
both t h e  lef t -hand and right-hand d i r e c t  c u r r e n t  e l e c t r i c a l  sys- 
tems between t h e  source and the d i s t r i b u t i o n  buses. A t  t h e  
shunt ,  vo l tage  is  monitored by use of a  vo l tage  d iv ide r .  Current  
i s  r e l a t e d  t o  t h e  vc l t age  drop produced by the shunt  and s i m i -  
l a r l y  measured a s  a vo l tage .  The c i r c u i t s  f o r  r e c o r d ~ n g  these 
d a t a  a r e  c a l i b r a t e d  on t h e  a i r c r a f t .  These s i g n a l s  a r e  checked 
us ing a c a l i b r a t e d  d i g i t a l  voltmeter  a t  t h e  po in t  of in t roduc t ion  
i n t o  t h e  ins t rumenta t ion system. 
2.4.2.3 Fuel System. Fuel quan i t t y  measurements a r e  provided 
f o r  r i g h t  and l e f t  f u e l  tanks .  Fuel quan t i ty  da t a  is taken from 
t h e  Simmonds capacitance-type f u e l  quan t i t y  measuring sy s t en~  con- 
s i s t i n g  o f  a  s i gna l  condi t ioner  and f u e l  tank probe assembly. 
(Fuel  flow and t o t a l  f ue l  consumed measurements a r e  descr ibed i n  
2 . 1 . 1 . )  
2.4.2.4 Temperature. Three 30-point temperature scanners (ref- 
erence  2 .1 .5 .1  f o r  de sc r ip t i on  of  therrtrocouple sca.ming system j 
a r e  i n s t a l l e d  t o  monitor c r i t i c a l  s t r u c t u r a l  temperatures.  One 
w i l l  be loca ted  i n  t h e  l e f t  nace l l e ,  one i n  t h e  r i g h t  nace l l e ,  
and one i n  t h e  fuse lage .  
2.4.2.5 O i l  Pressure .  - Four Statham Model PL722TC, 0-150 p s i ,  
genera l  purpose un id i r ec t i ona l  pressure  t ransducers  a r e  i n s t a l l e d  
one on each engine and one on each transmission.  These t r ans -  
ducers u t i l i z e  a diaphragm at tached t o  a 350-oh  res is t i l .?e  un- 
bonded s t r a i n  gage br idge arranged i n t o  a four-active-element 
conf igura t ion .  Fu l l - sca le  output  i s  5 mv/V. Hys te res i s  and 
l i n e a r i t y  a r e  f0.75 percent  f u l l  s c a l e .  Thermal s h i f t  is C.01 
percen t  f u l l  s c a l e  per  degree F and zero  s h i f t  i s  0.01 percent  
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full scale per degree F. The units arc temperature compensated 
from -65' to +2S0°F. Natural frequency is SO KXz. Response to 
acceleration is 0.31 percent full scale per g. The transducers 
are installed close to the pressure source and are calibrated 
with a dead weight tester. 
2 . 4 . 3  Aircraft Accelerations. Statham Model A69TC linear accel- 
erometers are used to measure acceleration. These accelerometers 
employ viscous liquid to achieve 0.7 of critical damping at room 
temperature. They axe temperature compensated between -65" and 
+250°F, limiting the thermal sensitivity shift to below 0.01 per-. 
cent per degree F and the thermal zero shift to 0.01 percent full 
scale per degree F. Full scale output is approximatels four mv/V 
from the four-active-am unbonded 350-chm strain gage element. 
Linearlity and hysteresis are 0.75 percent of full scale and 
transverse acceleration response is 0.01 g/g. Flat frequency 
response is 260 Hz. The weight per unit is three ounces. This 
small size was selected so very little change ic specimen dynamic 
characteristics would be encountered when the units are in- 
stalled. Ucits are calibrated on a electromagnetic shaker w i t h  a 
standard accelerometer for reference. Upon installation, all 
units are bolted tightly in place to ensure sensing only airframe 
acceieration. 
2.4.3 l Aircraft Center of Gravity. A cluster of .ree accel- 
erometers mounted triaxially are installed. The cluster is 
located in close proximity to airframe BL 0 and STA 212 on the 
deck and aligned for lateral, vertical, and fore and aft measure- 
ments. The Statham Model A69TC, f5g accelerometers are installed 
and calibrated in units of g. 
2 . 4 . 3 . 2  Pylons. Each pylon has a triaxial cluster of three 
Statham A69TC, flog accelerometers installed to the pylon struc- 
ture. Each cluster is aligned for fore and aft, lateral, and 
vertical acceleration measurements. The units are calibrated in 
units of g. 
2.4.4 Sensor Excitation Voltage. Sensor excitation voltage 1s 
monitored at each of the 20 junction boxes. 
2.5 Airspeed Boom and Trai1ir.q Cone Installation. A nose boom 
is fabricated of two-inch O.D., 1/8-wali al~ininum tube extending 
four feet two inches ahead of the aircraft nose to adapt to a GFE 
head containing pitot, static, angle-of-attack, and angle-of- 
sideslip detectors. Necessary plumbing and electrical harnesses 
are installed. 
An adapter is provided at the aft f~selage and similarly wired 
and plumbed for a GFE trailing cone. 
2.6 Measurement Item Codes. Each sensor requirement is assigned 
an ltem code consisting of an alpha prefix wnlch designates the 
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measurement type followed by a three-digit number. The three- 
digit numbers ar4 assigned sequentially from designated blocks 
representing sensor location. Table 2-VI defines the alpha meas- 
ure..lent types and the number assignments used in the item code. 
Table 2-VII lists item codes in numerical order. Open item codes 
are included for future use. 
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Bell H e l k o p t e r m  
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301-099-022C 
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'.<v - 1  : t > c 8 ~ 7 \  r v  ,-I - 3 : ~  > n  It',> &I? '<  \ttOlnl lc l b e  f e ~ l f ~ c ! ~ n r  i  lhr t ~ t l e  p d ~ f  
TABLE 2-VZ. I T m .  CODE DEFINITIONS 
Measurements Types 
A - Acceleration, Linear or A~gular 
B - Bending, Moment 
D - Position, Linear or Angular, Displacement 
E - Electrical, Voltage, Current, Power, Etc. 
F - Force, Axial 
L - Miscellaneous 
M - Moment, Torque 
P - Pressure 
R - Rate, Flow, RPM, Rotor Blip, Etc. 
S - Stress 
T - Temperature 
V - Velocity, Linear or Angular 
X - Event, Firing Mark, Pod Relzase, Etc. 
Xumber Assignments 
1-49 Standard items 
50-199 Pylon and Rotating 
200-299 Empenna5e 
300-499 Fuselage (Nose-Cabin-Ccckpit) 
500-599 Engine 
9'3-699 Wing 
700 -999 Miscellaneous 
;jFlif.:iiAC PAGE IS 
OF POOR QUALITY 
301-099-022C 
8 August 1980 
TABLE 2-VII. ITEM CODE ASSIGNMENTS 
(SHEET 1 OF 40) 
slix? XV- 15 P P c G L u I T ~ ~ ~ :  Rotor Resescn w f t  
St3nrl:trd X r r r n  001-049 
p 002 
- 











Nose Boom Angle of Side B l i p  
D C36 
- 
Nose Boom Ansle of Attack 
D 009 
- - 
D 010 Cabin _Yitch-r Gvra 
- 
D 011 
- Cabin Yaw Attivade Gvro 
Cabin Roll Rat. Gyro V Oi2 
- 
Cabin P u  Rate Gvro 
Cabin Yaw mte Gyro 
WH Rotor 1/R.v 
Palot Seat Vert Accel 
Co-Pilot Saat Vert Accrl 
P i lot  P/A CYC- 
Stick Por 
o t  Pawar Laver Por 
g i l o t  Rudder Pedal Po8 
ORIGINAL PAdE IS 
Bell hell copter^ OF POOR QUALITY 
; . , .* ',., ,.- . 301-Q99-022~ 
> r  t!ls~v$ rr 3( at3 1n ~ P I \  ~ y r  ( 5  I U ~ ~ R I  10 thp  rrllrttl,on l ,t ie 8 August 1980 
TABLE 2-VII. (SHEET 2 OF 4 0 )  
- 0 .* ORIGINAL Pttui. 
Bell l h l l c o p t m r m  
2 . 1  i ' . r . , ,  - <  
OF POOS Q ' , s A L I ~  3Q1-099-022C 
G s v  or ~ ' l ~ c ~ ~ ~ u r ~  0' ddld In In15 OMIP IS  :I~;)IKI 10 t t r  rrblrit l lon 0" l l l l p  8 August 1990 
TABLE 2-VII. (SHEET 3 OF 40) 
f2.lon A r e a  a 050-099 
- 0 5 0  
- 031 
B 0 5 2  - R/H Rotor Swashplate (Driver  Bending) 
R 053 
- 
W H  Rotor 512/Rev 
0 %  - 
F 055 
- 
WX Ro o r  P i t c h  Link (Green) Axial 
-- 
R 0 5 8  
- L/K Rotor 1/Rev 
R 059 - L/H Rotor f12/Rev -- 
063 
- 
Y X  Rotor P i t c h  Link (Rmd) (Axial)  
F 051 
- L/H Rotor P i t c h  Link (Whit.) (Axial) 
P C62 
- L/R Rotor P i t  h Li?k (Green) (Axial) 
- - - - - - - - - - - 
D 066 
- L/H Roto, Blade (Red) Feather ing Po8 
A 0 7 2  Right Rotor 1 Voltago Sense I 
- - $  
Right m t o r  2 Voltage Senre LO73 - 
- 
zo: 1 
- .  
U.ft Rotor I Voltage Sknae 
- I--. ._- .. ---.- -- -- - 
TABLE 2-VII. (SHEET 4 OF 40) 
ORIGINAL Pk2Z IS 
W H e l l c o p t u ~  OF POOR QLAL:TY 
:-. *. ?. -*...-- -. 
.'- :. ' , 2: 214 7 r  :-,! WJC 5 > u D , e I  ': I \ E  re):r.,l 3r Cn '"IC mc 
301-099-022C 
8 August 1980 
TABLE : - T ' I I .  (SHEET 5 OF 4 0 )  
Main Rotor 1Ov - 199 
1 C L  - 
. 
' f  
102 - -- 
p 103 - WE &tar P i t c h  Link (Rtd) Axial 
Flub WE R o t o r  P i t c h  Linx (White) Axial 




W E  Rotor Gimbal Plmoina Pos 
Pdt i  R o t o r  Blade (&d) Feathering Pos 
WH &tor Hub Spindle (Rc3) BE Band 
W E  R o t o r  Hub Spindle  (Red) Ch Bed . 
L/H R o t o r  Eub SpiadJ t (Red) ~m Band 
i/a R a t o r  Hub Spindle (W) Cl Ben3 
L 2 1  
a u2 - W E  Rotor  Blade I-%d) Bm P .d S t a  52.5 
123 - R/B Rotor Blade (Red) C3 Bend Sta 52.5  
WE Rocor Blade (MC) Bm Bond Sta 75  124 - - 
WR R a t o r  Bhda (R.d) Cb Jknd S t a  75 9 2 5  ,,
I - -  -? OR~GII.:IL i..-;-d .a 
OF PCOR QUALITY 301-099-022C 8 August 1980 
TABLE 2-V11. (SHEFT 6 OF 40)  
Main Rotor - (cont 
B 126 
- R,IH Rotor Blade (Red) Em Bend S t a  112.5 
b -27 
-
W H  Rotor BUde (Red) C h  Bend S t a  112.5 
~ ' 1 2 8  WE ~ o t o r  Blade (MI Torq st. 112.5 
129 
- 
R/H &to. Biade (Red) Torq S t a  52.5 
B 1-0 Y E  Rotor Blade 'Red) Bm Bend S t a  22.8 
- 
131 
wa b t o r  aia& (8.d) ~m m d  st. 52.5 132 -
- 
133 L/H Rotor Blade (Red) Ch Bend S t .  52.5 
- 
= 1 9  U B  Rotor Blade (Fad) Bm BaLd S t .  75 
- 
B 
-135 L/H Rotor B l a d e  (Rad) Ch Bend S t a  75 
136 Y H  Rotor Blrde  (Red) QI BIIld S t .  112.5 
- 
e 137 
- U E  Rotor Blade (-dl C h  Bend S t a  .112.5 - 
N 138 
- L/H Rotor Blade ( f  .dl Tors  S t a  112.5 




L / i  Rotor Maat P u a  
U H  Rotor .-st mrp 
B 1 4 2  
- 
WH Rotor Swashplate (Dr iver  Bending) 
N I L I  L/H Rator Nast Torq 
O ILL, L/B Rotor Cimba:. F lapping Pos 
R/H Rotor Blade (Rrd) L E S t r e s s  S t .  9.5 145 -a 
-- 
5 1 k 6  R / @  Rotor Blade (Red) T.L S t r e s s  St. 9.5 
S i47 
- 
WH &tor Blade (Red) L E S t r e s s  S t a  9.5 
:k8 
- 
L/H & t o r  Blade (Red! T E S t r e s s  S t .  9.5 
p l k 9  
- 
W E  Pylon Standby Eiydraulic Pressure 0 3 )  
' 1  QR\G!T,Tqi 5'.r,'- -' ' 
.3F POO< CL.4'- ?Y 
3 0 1 - 0 9 9 - 0 2 2 ~  
8 August 1980 
. s -  >r :-,.~c\ *e ?I u l d  ,- 1- \ w;,. ts !,2,*f !? l - . ~  rn*r t , tm!-  ,n Ire t ~ l ' e  pa!? 
 
TABLE 2-VII. (SHEET 7 OF 4 0 )  
Hain Rotor 131-175 
A 151 
- -- 
d Pylon L a t  k c - 1  
R/a Pylon V.rt kcel  
-
W E  Pylon Bydraulic Pressum ( ( 2 )  
W R  Pylon D C h n e r a t o r  (Vol ts)  
wa Pylon D t Generator (Current) 
R/B Pylor. l#ub Spring P/A Notion 
R/B Pylon Hub Spring &t not ion 
RiH Pylon Coll.cta- Actuator Pos 
W E  Pylor. Swash;;atm F/A Notion 
R/B ?ylon Swa8hplate Lat Notion 
R/H Pylor. Conversion Pos 
WB a l o n  Control Boost Actuator P/A Cyclic Axiar Force 
R/R Pylon C a t x o l  Boost Actuator &t Cvcl ic  Mil Farce 
? 164 
- 
WH Pylon C m t r o l  Boost Actuator C o l l o c t i n  Axial Force 
B 165 
- 
WB Pylon C o n a r r i o n  Spindle 3eun Bend 
166 
- 
R/?I Pylon C o n n r r i o n  Spindle Chord Eend 
- 
F 167 WH Pvlon Convmrsion S ~ i n d l o  Axial &ad 
- -- - - - - - -- - - 
F 168 
- 
L/B Pylon Canversion Actuatcr Axial 
~ 1 7 1  ~ ' a  w- <PA Q -  J 
~ 1 7 2  a/g- C + B  4cr.n 
a 1 7 3  R'- 1 9 - a  
1 1 7 4  qta 9.9 
A 175 - 
- L,,H Pvlon ? / A  Accel 
oRIG!NAL PAGE IS 
OF POOR QUAL~TY 301-099-022~ 
8 August 1980 
TABLE 2-VII. (SHEET 8 OF 40) 
?(.in Rctor - (cont )  
P 178 
- 
L/H Pylon Hydraulic Pressure (11) 
E 179 
- 
L/H Pylon DC W e r a t o r  (Volts) 
E 130 
- L/il Pylon DC Generator (Current) 
D 181 
- 
WE Pylon Hub Sprinq F/A Notion 
D 182 
- 
WH Pylon Bub Spring Lat lbt ion 
0 183 
- 
L/H Pylon Collective k t a a t o r  Pos 
D LB;r 
- 
WH e l o n  swashplate F/A -tion 
' 186 
-
WE Pyl- CoDvusion Pos 
F 197 '  
- 




G I  Pylon Control Boost Actuator kt Cyclic &cia1 Forca 
199 
- 
L/H Pylon Control Boos? Actuator Callective Axial Forca 
B 191 
- 
L/X Pylon Co&version Spurdle C! Eand 
8 L92 
- 
L i H  White Spindle -am Band Sta 9.0 
9 193 
- 
L/E White Spindle Chox' Bend Sta 9.0 
B 191, 
- 
L/B Green SpM'e  -am Brnd Sta 9.0 
B 19s 
- WE Gnen Spud10 Chord Band S t a  9 .0  - 
196 
- 
Riqht Pylon 1 Voltage Sen- 
E -i9 8 b f t  Pyljn 1 Voltage Sense 
E 
-:99 hf: Pylon 2 Voltage Sense --- 
3Oi-099-022C 
8 August 1980 
TABLE 2 -VII .  (SHEET 9 OF 4 0 !  
Tail Rotsr 
. ,  . 
. . - . 1 - ---,+JF ; ; - -. ,. ., 4 - 1  4 4 
301-099-022C 
6 August 1980 
TABLE 2-VII. (SHEET 10 OF 4 0 )  
T a i l  Rcto r  - icont ) 
301-CS9-022C 
8 August 1980 
TABLE 2-VII. (SHEET li OF 4 0 )  
Tail Boom 255-299 
- 
R/B Eorz Stab S2ar BIP mnd S t a  8 (BL) 
WX Borz S t a b  Spar Ch Bend Sta  8 (BL) 
WH Horz Stab Spar BIB Bend Sta  72 (BL) 
- 
1 266 
- R/H Horz St& Spar Torq Bend S:a 8 (EL) 
WF! Vart Stab Em Bend Sta  98 ( W L )  
R / H  V e r t  Stab Bm h.13 S ta  108 (WL) 
- 
RjU Elevator Control Ara Ilrsm Bend 
R/n Elevator 9r1va Pabe Torsue 
- 
301-099-022C 
8 August 1980 
TABLE 2-VII. (SHEET 12 OF 4 0 )  
Tail Borr;. - (cot:t) 
n 276 R/u Rudder Drive Tub Torque - 




R/H Rudder Control Arm Bm Bend 
n 279 
- 
L/H Slevator Drive Tub. Torqua 
0 7 ~ n  L/H Rudder Control Arm 3m Bend 
- - - -  - - - -  
D 2 8 1  ~ / t i  Elevator P C ~  




R/H Rudder Por 
Horizontal S t a b  Incidence A c t  Force - 
Horizontal Stab Incidance A c t  Po8 
L t  Horiz Stab 3m Band ( S k i n )  S t a  8.0 
L t  Horiz Stab Bm Eend ( S k i n )  Sta 6 6 . 0  
L t  Horlz Stab Bm Bend (Skin) Sta 8.0 
-
L t  Uoriz Stab Em Bend (Skin) Sta 66.0 
* S -?L GJph A t t a c h  Point Stress LE Lug 




- L 2 3 8  - ~ u w  -,. r rga 1 ~ o l t a g o  Wise 
E *?Sr 
-
E -la- 2 Voltago Sen8e 
- 
*klrcraft No. 1 o n l y  
ORIGINAL FACE IS 
6eN Helicopter- OF POOR QURLig 
:.,. -... . . 301-099-022C 8 August 1980 
Use 21 ?~);los,~rp 01 Odt~ ?n th~) wuc .> ~ U ~ I R I  1~ Isr r@$lr~,!,?r ?r the  t ~ t l e  we 
- 




Aircraf t  CG Accml (Lat) 
Ai rc rz f t  CG Accel (P/Aj A 331 
- 
A 302 - P i i o t  Seat Lat Accal 
F 303 a/?- %in Landing Gear Drag St ru t  Axial Force 
- 
A 3 0 ~  Co-pilot Seat t.t Accel 
L s o s  R/H -in m i n g  Gear 01- Extension Po8 
2306 W H  SCAS Actuator ?/A Po8 
D 
-307 R/3. SCAS Actuator Lat Po8 
D 7nn R/H SCAS Actuatcr Dimct ioru l  Pos 
- - - - - - -- - - - 
P i l o t  Flap Laver Pos 
. . .- 
WB Main Landing &ax Oleb S L a t  kt Bend 
L/li Maul Landing Gear Drag S t r u t  Axiai Force 
4 Y  &in Landing Gaar Actuator Pop. 
L/H -in Landing Gear Oleo Extension Po8 
W H  Main -ding Gear 0180 S t r u t  Lat Bend 
W H  .Ham Landing Gear Actuator Por 
Diff Cyclic Washout Actuator Pos 
Outride A i r  T a m  
R/H Ensine O i l  P r e s ~ ~  
ORIGINAL is 
1811 1k8icopter OF POOR QUAtiTY 301-099-022C 
: .. - . '  '*.'. -< 8 August 1980 
, I +  ?, J , , ~ L J , ~ , ~  .)t 2 1 3  I n  1 8 . k  J W ~  IS  ,dfI lhl 19 t h e  r r \ t r t ~ t l c r  In qnc title 
TABLE 2-VII. (SHEET 14 OF 4 0 )  
p 326 
C 
WE hanamission O i l  Prcss 
.- 
2 3 2  7 Instrument Panel R I d u  Alti tude - 
A 3 2 8  Instrumant Panel W E  Engine Fuel Flow Rate -- 
R 329 
- 
Instrument Panel L/lf Engine Fuel Fiow .Rate 
2 3 3 0  P i l o t  F/A Cyclic S t ick  Force 
5 3 1  P i l o t  Lat Cyclic S t ick  Force 
L 3 3 2  P i l o t  Power hwr  Force 
333 
- 
P i l o t  Right Pedal Force 
r 3 3 4  P i l o t  Left  Podal Force 
9 3 9  R/II Engine Torq 
n s 3 6  L/a Engine m r q  
9 3 7  Interconnect s h a f t  forq (Cockpit s ~ a t e m )  
Nose Boom J!! t i t ude  
Nose Landing -kt R/B Trunnion V e r t  Bend 
Nose tandhg Gear L/E Trunnion V e r t  Bend 
Nose Landing Gear Oleo S t r u t  ?/A Bend 
Nose Landing War  Oleo Strut frt Eend (Right) 
Nose Landing Gear Drag Strut hxial Force 
- 
NOS. -ding Gur Actuator Pos 
- - .  
NOS. Landing Char 01.0 Extension Pas 
?.TC r 7 ,  ORIGfNrtFc F, ..A- i.3 
OF POOR QVA'JTY 
. ,. , 8 August 1980 
~ , r ?  r r  ;I~rc'o>*.re 9t Oata ,nn t n ~ i  s u e  I, : >lPtt 10 !>p rerlrlrlior- nn the t ~ l l ?  pme 
-
TABLE 2-VII. (SHEET 15 OF 40 '  
-350 
T 351 
- b g h t  Wing, Lef t  Wing and Puselaue T.mP 
A 352 
- 
h r c r a f t  CG Accel (Servo) 
-354 
P 355 - R/H Main Landing Gear Drag S t r u t  Axial  Force 
F 356 
- 
L/H Hain Landing Gear Drag S t r u t  Axial  Force 
3 5 7  Nose Gear O l e o  S t r u t   at Bead   eft) 
-358 
,359 
L 3 6 0  Temp Scanner Encoder 
5 3 6 5  Record Nurakr Bo:- A 




t 369 2 - + i t  1 Voltage Sense 
- 
2 3 7 0  Cock;it 2 Voltage Sense ' 
8 371 
- 
Cockpit 3 Voltage Sense .u 
& 772 Nose 1 Voltage 2tn.e 
- 




itight W m  b a r  1 Voltage Sense 
L 3 7 5  L a d t  Haan CIar 1 Voltage Sonre 
ORiGlNAL PAGE 13 
OF POOR QUALITY 
. , , .' I,....: - 
301-099-022C 
8 August 1980 
TABLE 2-VII. (SHEET 
OF PC017 Q::,"iLIN 301-099-022C 
8 August 1980 
J S ?  3: d~s( ,c$ t~re  ot Oafd ,in Ih!\  UP 4) IUOI-l 10 [PC restr~rllon on Ihp  IIIIP p a t  
TABLE 2-VII. (SHEET 17 OF 4 0 )  
Bell ~ e i i c o p t e r b r a  
. , .  " c . : .  .,. 
o C l ~ l ~ ~ ~  PAGE lS 33i-r"g-OZZC 
OF POO? (r r , ~ ~ m  8 August 1980 
TACLE 2-VII .  (S;IEET i8 OF 4 0 )  
ORIGINAL PAGE B 
kll k B H c a Q t m r ~  OF POOR QUA LIT^ 
; . I - ,t 'r.:,: -c 301-099-022C 
gsr or Clr i lourr 01 .%Id an !PI\ p)c;r i5 lui31Ut to Ih t  rCStrccl~on on tnr Itt ie me 8 August 1980 
TABLE 2-VII. (SHEET 19 OF 40 )  
ORIG!NAL PAGE IS 
OF POOR QUALITY 301-099-022C 
8 August 1980 
TABLE 2-VII. (SHEET 20 OF 40)  
OR~G~NAL PAGE !': 
CF pp~.: QUALI;.~. 
k(l l8oHcopt.r- 
.. , ,, . r' ..... - . 
301-099-022C 
.\* ?' * > , I I ~ ?  '' 'c  fnts we 15 ~ c h ~ n !  tPr re\ tr~ctmn jn thv I I~I,  LWIV 
8 August 1980 
TABLE 2-VII. (SHEET 2 1  OF 4 0 )  
R,H mqiav w1.t C ~ S W  F/A AC-1 
WH Enqino In lo t  Case ht k c e l  
- - -  
WR =pin. m l e t  c a r  ~ & t  Accol 
W H  Engin8 Gas Producer N1 RPI( 
wa ~ a c e l l e  ~+~rosphor i c  ( s t a t i c  ~ b f )  
W B  Transmission C o m p a r t m t  S t a t i c  
W H  =gin. 'hPp.rature Scanner 
L / I  Engine In lo t  Case F/A Acr8l 
L / H  Plgina I n l e t  Case Iat Accel 
P i lo t  W E  Ragin. Thrott le  Po8 
P i l o t  L / H  Qlqfne R u p t t l m  Po8 
.- 
L/H mgino Scurivalvo Position mcodar . 
I 
W E  Engine Pressure (Scumiva1-m) 
-
WH Enpino m r a t u r 8  Scanner 
L/H Engine I n l e t  C.se Vert Accel I 
L / H  Engine Gas Pmdacer N, WN 
R / H  Engine Total hi.1 
- 
L/H Engine Total Fuel 
L/B mipine k l l a o u t h  High Freq @ 160° 
L / R  Engine Bollmouth High ?roq @ 100° ' 
L/1 Lower C w l  Outboard Support S t ru t  W.1 Laad 
L/H Pylon lroumr Cowl  Inbd Support S t r u t  &cia1 Lmad 
W R  Pylon Latar Cowl Outbd Support S t ru t  W a l  Load 
WR Pylon Lower Cowl InW Support S m t  k i a l  Load 
kl ~klkqbtwr- 
: . , '*.. . . 301-099-022C 
8 August 1980 
:sr or 1 s .  c,,.rc 01 J I l d  nn t P , \  wc 4 1  bunthl 10 I!', rr\lrtctnn )n the t111+ Dh;r 
TABLE 2 - V I I .  (SHEET 2 2  OF 4 0 )  
ORIGINAL PAGE i'S 




A526 R / u  
A 527 t / \r  Enuiae Oil OuC1.t F/A Ace81 I 
L 
A 528 R / R  Engine tiftincr Ey. P(A k c e l  l31 Channe 1 s - 
L/H Ename 0 ~ 1  outlmt rat kcml 1 
WH Engine Lifting Eya P/A Accel 
OR!GINAL PAGE 1.4 
OF POOR QUALI'IY 301-099-022C 
8 August 1980 
TABLE 2-VII. (SHEET 23 OF 4 0 )  
L t  -st Torque Y 
L t  F/A Accel (Comb Flange)  
L t  Lat Accel  (Comb P l u r g . )  S p e c i a l  I t u n  for 
L t  ?/A Acce l  (Top of Plgine) ) Engine Torsional 
L t  rat Acce l  (Top of Enpine) -st (A,'C No. 1 ) 
L t  G.ar Box Stress 
L t  215 S h a f t  Chucking notion J 
ORIGINAL PAGE IS 
kl I k l l c o g t e r w  OF POOR QUALITY 
_ . 1 \ ' -..1*1 ~ . 8 August 1980 
~ ' 5 v  or '6,@>t1re 01 a t d  ,iz lev\  wv t >  $t15lnt  t h v  rectrl<t@v ,in the 11t1r wav 
TABLE 2-VII. (SHEET 2 4  OF 40)  
ORIGINAL PAGE fS 
OF POOR QUALIN 301-099-022C 
8 August 1980 
- - 
TABLE 2-VII. (SHEET 25 OF 40) 
R/H Wing S p u  B8sm S t r  2 2  
R/B Winq Spar Chord St. 22  
- - 
W H  Wing S p u  Torq S t r  22 
- -  - 
WE Wing Uppor Pmol Inner Skin Stress 
- 
WH Wing L0-r Pmol X a n u  Skin Strass 
R/W Flap baa Buad 
 an codtxol hm. Porco 
L/H Flap Ba-la bud 
L/H ?lap Drive Tube mrgum 
L/H F l a p r o n  Control A m  Force 
ORIGINAL PWGZ :!3 
Ball Helicopter- 
; , >, " '..*.,-. , 
OF POOR (IlJALiTy 
, \+ &,r ~ l ~ $ c l c , , ~ r e  ot a ~ t a  \!r- tri$ M ~ I Q  15 s u b ~ u t  to tne r P s t r ~ r t ~ o n  w t h e  11tIe m a p  
301-099-022C 
8 August 1980 
- - - - - - - - - - - -  
TABLE 2-VII. (SHEET 26 OF 40)  
C cont . 
~ e t t  Wino a 
BL 0.0 Riqht Winq Upper Panel Outor Skin S t r e s s  
BL 0 . 0  Right Winq Lauer Panel Outer Skin S t r e s s  
US 66 Riqht Wing Front Spar Shaar (Upper) 
WS 66 Riqht Winq Front Spar Shear (Lowrl  
WS 66 Right Wing Roar S p u  Shear (Upper) 
WS66 Right Wing Roar Spar -Shear (Lower) 
WS 1%2 Right Winq Front  Spar Shear (Upper) 
WS 142 Right Wing Front S p u  Shear (Lowor) 
- 
wS i 4 2  Right Wing Roar Spar S h e u  (Upper) 
WS 142 Right Wing Roar Spar Shear (Lawar) 
Loft  Pylon Convmrrion Actuator Axial Load 
R t  Mloron  Pos 
~t Ailoron Poa 
Right Wing 1 Voltago Seaso 
Right Wing 2 Voltage Sonre 



























ORIGINAL PAGE iS 
OF POOR QUALITY 
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Rioht Winq Sta 22 C!.ord Bend \ 
Riqht Winq s t a  22 %em Bend i\!C No. 1 Wind Tunnel Test 
Rlqht Wing Sta 22 Torque 7 
~R~GINAL PAGE i5 
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TABLE 2-VII. (SHEET 29  OF 4 0 )  
GPA Gain - 4 RHDU-A 
E 701 GPA Gain - 16 M U - A  
- 
E 702 GPA Gain - 64 RIOU-A 
- 
L 703 GPA Gain - 128 W U - A  
- 
E701, GPA C.in - 256 RHDU-A 
E 705 GPA Gain - 512 RN)UgA 
C 
E 706 LLC Gain - 512 (Card S l o t  - 7 )  RIIDU-A 
- 
E 707 LLC Gain - 512 ( C u d  S l o t  - 8 )  RMDU-A 
- 
E 7 0 8  LLC Gain - 512 (Card S l o t  - 91 RMDU-A 
E 709 - LLC Gain - 512 (Card S ~ L  - 10) 
E 710 
- 
UC Gain - 512 ( C u d  S l o t  - 11) 
- 
I: 711 - K L C R E I D U - A  
E 712 C PSB WDU - A 
- - 
L 7 L 6  >t, S t ~ c k  Forcr (Ccl S~anl 1 
9 7 1 7  
L 7 1 8  -- 
E 7 1 9  Prilsarv Gow- #1 LVDT i 
L 7 2 0  Prmarv Governor Actuator Valocrtv ? RPW mSTS 
L 721 I - P r m w  Governor Commrnd RPM - -  
a 7 2 2  Primuy Monitor command RPU 
E 723 - Primary m i t o r  ICPM E f m r  
L 7 2 1  Standby Covarnor RPM Error 1 
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External S t o r e l  - (cont) . 
725 - GPA Gain - 4 RMDU-8 
E 7 2 6  CPA Gain - 16 m u - 8  
E 797 GPA Gain - 64 RMDU-B 
- - -- - - - - - - - --  - -- 
GPA Gain - 128 W D U - B  
GPA Gain - 256 RtQ3U-B 
GPA Gain - 512 RHDU-B 
LIC Gdin - 512 (Card S lo t  - 7 )  RMDU-B 
UC Gain - 512 (Card S lo t  - 8 )  RMDU-B 
UC Gain - 512 ( C u d  S lo t  - 9)  RHDU-8 
LU: Gain - 512 ( C u d  S l o t  - 10)  RMDU-B 
LLC Gain - SL2 ( C u d  S l o t  - 11) W U - B  
PSB RHDU-B 
i Ai r spud  Sensor L.t Cyc Cont Box 1 
I 
Por ( ~ t  LVDT) ut cyc cont BOX I 
Pos (Lt LVDT) Lat Syc Cont Box 
I 
Servo Drive Volts Exci tu  
Pos (Collect ive LVDT) Exci ter  
Po8 (Flaperon LVDT) Exciter 
Volts (Co11 Solenoid Valve) Exciter 
. h t  Cyclic 
& Exci t r r  Tests 
Volts (Flapurn Solenoid valve) Excitar 
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txterrul S t Q q z  - (coat) 
TTe 
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Figure 2 - 1 .  301  input  rake engine  
(bellmouth) 
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TAIL PlPE STAT lC PRESSURE 
TRANSMISSION 
VIEW LOOKING 
INTO TAlL PlPE 
Figure 2 - 2 .  Engine tail pipe  static 
pressure  port  locations 
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SECTION 3.  EQUIPMENT 
This s ec t ion  def ines  the equipment i n s t a l l e d  f o r  t h e  research 
instrumentation and data  acqu i s i t i on  system. A i r c r a f t  inboard 
p r o f i l e  a d  bas i c  l i n e s  da t a  a r e  included f o r  equipment loca t ion  
and sensor i n s t a l l a t i o n  reference.  
3 .1  Contractor Furnished Equipment. Contractor furnished equip- 
ment i s  l i s t e d  i n  Table 3-1. 
3.2 Government Furnished Equipment. Government furnished equip- 
ment is l i s t e d  i n  Table 3-11. 
3.3 Ships Inventory L i s t .  A sh ips  inventory of i n s t a l l e d  re-  
search instrumentation equipment f o r  the XV-15 i s  given i n  Volume 
No. 2 f o r  A i r c r a f t  No. 1 and i n  Volume No. 3 f o r  A i r c r a f t  No. 2 .  
The sh ips  inventory l is ts  t h e  item, type,  s e r i a l  number, and 
c a l i b r a t i o n  i n t e r v a l  f o r  each i n s t a l l e d  sensor and equipment. 
3.4 Spec i f ica t ion  Sheets. Vendor spec i f i ca t ion  shee ts  f o r  con- 
t r a c t o r  furnished equipment a r e  contained i n  Volume IV. 
3.5 Equipment Location. Location of  major research instrumenta- 
t i o n  equipment i s  shown i n  Figure 3-1. An inboard p r o f i l e  of t he  
XV-15 i s  shown i n  Figure 3-2 f o r  reference.  Basic a i r c r a f t  l i n e s  
data  i s  given i n  Figure 3-3 f o r  reference t o  t h e  WL, BL, STA co- 
o rd ina te  system used t o  l oca t e  a i r c r a f t ,  sensors ,  and equipment. 
Research instrumentation equipment is not  shown on the inboard 
p r o f i l e .  This drawing shows loca t ion  of major a i r c r a f t  equip- 
ment. A i r c r a f t  s t a t i o n  numbers a r e  shown f o r  reference purposes. 
ORIGINAL PAGE IS 
OF PC03 QUALITY 
US? of 8 1 \ ~ : 0 \ u r r  C! :ah -n t t 3 , \  M I I ~  1 5  > ~ I ~ , M I  I :  t h e  ~ P S I V  { t ton >r I?* :,! e ,wtr 8 Pllgust 1980 
I ! 
U U U  
- 4  .r( 
L b L  
U C Y  
C' U  U 
U U U  
-a- 
W W Y  
P P P  
U U U U  
U U U U  
U U U U  
* * a *  
u - - 
a,, E 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.,. . .., . - .' ... . ..' 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8 August 1980 
ORiGiNAL PAGE IS 





8 August 1980 
i ) r  or a~)c Ios~~re  o! ddtd on I h ~ s  we IS tuolprt to the rerlrlcllon on the lllle prclc 
SECTION 4. POWER AND CONTROL 
Electrical power requirements, control signal distribution and 
control logic for the research instrumentation and data acquisi- 
tlon subsystem are contained in this section. Control logic and 
wiring for the pressure scanning, thermocouple scanning and 
telemetry systems are also discussed. 
4.1 Power Required. The GFE data acquisition subsystem requires 
28 Vdc and 115 Vac, 400 Hz power. Electrical power is supplied 
by the No. 2 28 Vdc bus and a separate 750 VA, 115 Vac solid 
state inverter powered by the Nc. 2 28 Vdc bus. Protection and 
isolation for the power supply is provided so that +he aircraft 
power system is not affected by failures in the data acquisition 
subsystem. The data acquisition subsystem is in turn protected 
from aircraft induced transients by overload sensors, circuit 
brea~ers, separate power supplies and DC to DC converters. Air- 
craft power is connected to the instrumentation pallet and static 
inverter as shown in Figure 4-1. 
4.1.1 DC Power. The 28 Vdc power is furnished to the data sys- 
tem from the aircraft dc bus No. 2 through an 80-amp current 
sensor and a 50-amp circuit breaker (Figure 4-1). Current in 
excess of 80 amps will open the overload sensor. The overload 
fault must be corrected and the sensor reset before power is 
returned to the system. The overload sensor is installed in the 
aircraft master power box located on the left side of the rear 
cabin area behind the auxiliary icstrumentation pallet. DC power 
from the 50-amp circuit breaker panel is routed to the instrumen- 
tation pallet thlough input plugs llCv and llF.ll DC power is 
distributed through the circuit breaker panel to the individual 
instrumentation system components (see Figure 4-2). The follow- 
ing research instrumentation equipment is powered by 28 Vdc. 
a. Tape transport deck 
b. Attitude gyro, cage-uncage function 
c. Rate gyro 
d. VE power supply 
e. Program board 
f. Telemetry transmitter 
g. Active network power supply (f15, +5, +28 Vdc) 
h. Data control monitor 
i. 750 VA static inverter 
j. Temperature reference junctions 
k. Time code display panel 
4.1.2 AC Power. The 115 Vac, 400 Hz power is furnished t~ the- 
data acquisition subsystem from a Flite-Tronics Co. PC-17A 750 VA 
static inverter. The inverter is powered by the No. 2 28 Vdc bus 
and profected by the 80-amp overload sensor and a 50-amp circuit 
Ball hlkoptar 
J .,, I." .I8 .*.-..., ,.< 
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301-099-022C 
8 August 1980 
breaker (see Figure 4-1). AC power from the inverter is connec- 
ted to the instrumentation pallet. through input plugs *'CW and 
The ac power is then distributed through the circuit 
breaker panel to the individual instrumentation system components 






Tape deck heaters 
R-cal box #1 
R-cal box #2 
R-cal box #3 
R-cal k ~ x  444 
R-cal box #5 
Time code generator 
Attitude gyro power 
Flight line tester (FLT) 
Fan 
4.1.3 Circuit Breaker Panel. The circuit breaker panel is in- 
stalled on the instrumentation pallet. Figure 4-3 shows the lay- 
out of the circuit breaker panel. 
4.2 System Control Logic. Figure 4-4 shows the basic flow dia- 
gram for system control logic. Pressure and temperature scans 
are initiated by the prime data switch located on the pilot's and 
copilot's power lever. Instrumentation system status is dis- 
played on the control monitor (Figure 1-7). When Lhe prime data 
switch is pressed the prime data light on the control monitor 
will blink indicating that system logic is in prime data mode. 
When the prime data switch is pressed again, the record numbei- 
displayed on the control monitor will update and the prime data 
light will cease blinking. 
4.3 Control Signal Distribution. A schematic wiring diagram of 
the data recorder and control monitor is shown in Figure 4-5. 
Control signal distribution to the control monitor is shown in 
Figure 4-6. Control signal input to instrumentation pallet plugs 
IIAW and "BW is shown in Figure 4-7. Control signal wiring for 
attitude and rate gyro packages is shown on Figure 4-8. Display 
signal wiring to the pilot's time code generator display is shown 
in Figure 4-9. 
4.4 Pressure Scanning System. A flow diagram for the pressure 
scanning system control loqic is shown in Figure 4-10. Control 
signal distribution wiring -is shown in ~igure 4-11. A -scanni- 
valve control box, shown schematically in Figure 4-12, is in- 
stalled to permit manual single step operation of the scannivalve 
301-099-022C 
8 August 1980 
for checkout and maintenance. The scannivalve contains a posi- 
tion encoder which generates a 12-bit word (see Table 4-1) used 
to identify the pressure ports during the scan mode of operation. 
Pressure and temperature scanning is synchronized so that the 
location word (A82-8-1) can be use? to identify both pressure 
port and temperature channel for t^he tempciature scanning system. 
4.5 Temperature Scanning System. A flow diagram for the tem?er- 
ature scanning system control logic is shown in Figure 4-13. 
Control signai distribution wiring is shown in ~ i h r e  4-14. 
Thermocouple signal inputs to the temperature scanner remote unit 
(typical of three 7:nits) is shown in Figure 4-15. Internal wir- 
ing for the temperature scanner remote unit is shown in Figure 
4-16. The scan mode is initiated automatically when prime data 
is selected. The scan is terminated at the end of the prime data 
record or at the end of one complete scan cycle. The temperature 
monitor (Figure 1-10) contains a FAULT light to indicate that the 
system is not ready to take data (thermocouple referenct junc- 
tions not up to temperature or electrical fault) and a CYCLING 
light to indicate that the system is in the scan mode. The CYCL- 
ING light remains illuminated until both pressure and temperature 
scans are complete. A special circuit card located in the active 
network panel generates a 12-bit ID code (see Table 4-11) which 
gives the location of the temperature scanner. This code is gen- 
erated in either the sca~l or dial in mode. 
4.6 Telemetry System. Control and signal distribution wiring 
for the L-band telemetry system is shown in Figure 4-17. A sche- 
matic of the BHT-fabricated premodulation filter is shown in Fig- 
ure 4-18. 
,''e or ' I%clOs.irQ 31  ldla ,ir I 1 ' 1 r  Nor I\ $ u h l ~ I  10 I ~ P  ~ P S I I I C I I U ~  ,lr l r r  l l l l r  y q e  6 August 1980 
TABLE 4-1. SCANNIVALVE POSITION ENCODER WORD A82-8-1 
ID Count Press ID Count Press 

























Note: Scan starts at Channel 48 (Home) 
OR~WNAL PAGE IS 
Bell Helicopter mm 
>.,., , ' *  .,.,. ., 
OF POOR C U A L ~ :  
301-09s-0221 
2Se >r  JI>LIP\~I~P 01 UIA ,In !P I \  ,)&I* ,$  , t~b,&t  lo IPP re$lr~ct,on ~r t r p  I , I I ~  2dtjv 8 August 1980 
TABLE 4-11. TEM?SRATURE SCANNER POSITION 
ENCODER WORD A79-8-7 
ID Count 
M L 
Temp S S 
Chan B B 
'Temp Chan refers to ID number set on pilctts 
panel 
2 ~ h i s  i s  shorted for reference 
8 August 1980 
(SEE 
y-H310W-24-11S 
26 AC OUT a 
- 
11s AC OUT 8 *' ACQWTA-16 
I 
AC COY M C 
a 
- 
w 28 DC I N  0 
t 9 a  I 
C' R E M O T E O N d F F  € 
f > - 
*f C DC RTY 
I 
EM. AC OUT G ,, 28 VDC-IN-0- 
- 
REMOTE ON-OFF w 
- 
OSC SVNC t 
, . 
ON-OCC SWITCH 
O N  CIRCUIT OREAULR 
P&NEL (ON PALLET) 
1. EQUIPMENT MOUNTED ON AUX. PALLET AT AFT END OF CAOIN AREA. 
Figure 1-1. Instrumentation power wiring 
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Figure 4-2. Circuit breaker panel wiring 
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GE N DECK SWITCU 
MONITOR i 
i A i I 
Figure 4 - 4 .  Control  l og l c  flow diagram 
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S V S T E U  k v R  
CONTROL RL* 
T A W  M O T I O N  
TAPE n C M A l k  
R E C  NO UCOA 
r u N D R E O S  
N O T E  
A L L  L I G H T S  ARE 01ALlTC SERIES 
$13L.O3@.303 n . .ED C . C L E A I  
C G R E E N  W . W U l T E  
A .  4MILR I - OLUE 
Flqure  4 - 5 .  Control monitor w i r l n g  diagram 
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FAULT L I T €  
TAPE MOTlOhl 
28 VDC RETURN 
TAPE REMAlhr 

















CE4T ER I1 l 
CENTER I21 
v f  C 
MONITOR PLUG 
(SEE FIGURE 4 51 
PWR.RLV.8 20 SEE FIGURE 4.1 
OATA-0.22 
FAULT.€ 2? 
MOT l0N.F -22 
R E N R N G . 2 2  
TAPE -REM-H-22 





SEE FIGURE 4.71 
STOP.REV.f.22 
STAR T -STOO.COM-V-22 
STOP-TAPE*-22 
TAPE .SPE E O-x .22 
Flgure  4-6. Control monitor wiring harness 
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Q E S 3 0 8  NO UPDAY F 
$TIC- TRtGGCn - PCI 
ThC PWDb B 
TM RETURN 
Thl RMDU J, 
Thl RETURN 
-2n voc 
ORlME D A T A  LIGHT 
FPULT i l T E  
T90E U O T l O N  











S O P  
COMMC.& 
N  c' 
CENT€ a 
N O  
NC 
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O F F O N  
D A T A 5  
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rTA V A L  
Figure 3 - 7 .  Pallet i n p u c  plugs A and B wirlng 
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Figure  4 - 8 .  P a l l e t  input  plug D w i r i n g  
( a t t i t u d e  and r a t e  g y r o )  
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PRE MOO FILTER 
(SEE FIG 4-15] 








1. GYRO COIUTROL BOXES MOUNTED ON AUX PALLET AT AFT END OF CABIN AREA. 
2. CcLors DISPLAY COWER SUPPLY MOUNTED IN COCKPIT AREA. 
- 
0 .  
- 
C ,  
- 
0 ,  
I 
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TCC-UH-30-22 
TCG-TU-32.22 
TCG 11-4 33.22 





Figure 4-9. Pilot's time Code display 
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B I  wnl TE 
- 1 1  PRESSURE 
DISC = A ; I B U C K  TRANSDtiCER 
LP.2K D I 1  












I (SEE FIGURE 4-1 2) 
---- 
*I -CONTROL BOX MOUNT ED O N  LEFT PYLON 
CONDUCTOR. 
CONDUCTOR. 
GAGE ORANGE WlRE 
GAGE ORANGE WlRE 
SCANIVALVE CONTROL WIRING 
Figure 4-11. Scannivalve control wiring 
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C t -\ 
-. +SVDC 
- 
I I I 1  
' l  
I '  K - !  FAULTSIGNAL - 3 
6 
FUSE 
I '  CON1 SIG 7- 5 REMOTE 
- UNIT 
J 1 




ZGA7 - 7 
- ' 1 
1 I O D b  \ - *  FAULT SIGNAL 
6 
DISTRIBUTION KPTm ] I M P  RIGHT 
PYLOlU 
UNlT 





PALLET PLUG E 
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Figure 4 - 1 6 .  Temperature scanner remote u n i t  - 
in terna l  wiring ( shee t  1 o f  9) 
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F i g ~ i r e  4 - 1 6 .  Temperature scanner remote u n i t  - 
i n t e r n a l  wir ing  ( s h e e t  2 of 9) 
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Tf UP SCANNER REMOTE U N I T  S ICNPL  WIR ING 
Figure 4-16. Temperature s c a n n e r  remote  u n i t  - 
internal w i r i n g  (sheet 3 of 9) 
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Figure 4-16. Temperature scanner remote unit - 
relay card schematic (sheet 4 of 9) 
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relay card schematic (sheet 5 of 9 \  
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Figure 4-16. Temperature scanner remote unit - 
relay card layout (sheet 6 of 9) 
..- { 
mall b l k o p t a r m  '.?+ ,- . . .,A. .! 
- . . 2 .*,, . . -. 
301-099-022C 
8 August 1980 
use *or Jn;':,,re 11 J l l d  'n !?I> me 1 5  runlh' I; t h y  r ? \ t r ~ c l ~ o r  ir thr I ~ l l p  we 
Figure 4-16. Temperature scanner remote unit - 
logic card schematic (sheet ? of 9) 
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Figure 4 - 1 6 .  Temperature scanner remote u n i t  - 
l o g i c  card layout ( s h e e t  8 o f  9 )  
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power supply card (sheet 9 of 9) 
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Figure 4-18. TM t ransmi t te r  wir ing  
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SECTION 5. SENSOR CABLES 
This section defines the standard signal distribution cable, 
sensor disconnect harness, rotor system cables, senstr cable 
assignmenrs, junction boxes, and patch panel wiring. 
5.1 Sicmal Distribution Cables. The standard signal distribu- 
tion cables are Beldon No. 8769 consisting of 13 foii shielded 
twisted pairs of 22-gage stranded wire encased in a gray poly- 
propylene jacket. There are 20 standard signal distribution 
cables, one for each of the 20 j-box locations distributed 
throughout the aircrafr (see Figure 5-1). Each of the 20 cables 
terminate in a 61-pin circalar connector at the instrumentation 
pallet, and in 16 six-pin connectors mounted on each remote junc- 
tion box ( j-box) . 11. each 19-pair cable, 16 psirs are used for 
signals, one pair for positive excitatio?, one pair for nzgative 
excitation, and one pair for excitation sense. Each sign .L >sir 
is returned as 2. data channel to a given location on the instrii- 
mentation pallet patch panel. All shields are carried through 
for proper termination at either the transducer or ins.iruments- 
tion pallet. Excitation shields are connected to system :omon. 
The distribution cables provide common excitation for each 7roop 
of 16 signals (parallel at tne j-box). This arrangement I !uces 
sliprlng requirements and minimizes size anC ";eight OL. the 
cables. One f3 Vdc power supply is located in the instrumenta- 
tion pallet and 20 power distribution cables are wired in paral- 
lel to this power supply. A typical signal distribution cable is 
shown in Figure 5-2. Note that spare pins and excitation wires 
are located on the outer ring of the 61-pin connector for easy 
access. 
5.2 Sensor Disconnect Yarness. All instranentation sensors are 
connected to the remote j-b~x locations with a sensor disco~ect 
harness. The harczss consists of a KPT06-10-6P j-box input con- 
nector, sensor cable, and sensor connector, The sensor cable is 
a Beldon No. 8723 consisting of two foil-shielded twisted pairs 
of 22-gage stranded wire encased in an orange polypropylene jac- 
jet. A schematic diagram of a typical sensor disconnect harness 
is showr, in Figure 5-3 (Form SKASWG4375-1). A keyed explanation 
of the schematic diagram form is contained on Sheet 3 of Figure 
5-3. A KPT36-10-6P icput connector is used for each of the 320 
j-box inputs (16 connectcrs per j-box x 20 j-box locations). 
Connectors may be obtained from any of the several apprcved manu- 
facturers for this type of connector. A disccnnect harness for 
each of the 20 j-box locations is defined on Form SICASW0437S-1. 
These forms are contained in Volume I1 for Aircraft No. 1 and 
Volume I 1 1  for Airciaft No. 2. Figure 5-3 shows tk- disconnect 
harness for j-box N-1 as an example. Figure 5-4 shows termina- 
tions for the airspeed a~:d altitude sensor cablzr;. Eigure 5-5 
shows terminations for the nose boom data head. 
301-099-0226 
8 August 1980 
5.3  Rotor System Cables.  Rotor system czb les  t .enninate a t  
mul t i -  i n  connectors on s l i p - r i n g  harnesses  r a t he r  than j-boxes. 
S ignal  d i s t r i b u t i o n  i n  tie r o t a t i n g  system is  provided by "super- 
f l e x "  wir:? (AWG 26, 60 s t r a .~ds  of KO.  41) f o r  high f a t i g u e  l i f e .  
5.4 Sensor Cable AssiOgment. Table 5-1 shcws a l l  sensors  a:- 
s igned t o  t h e  20 s tandard  s l g n a l  d i s t r i bu ' i on  cab les  and t h e  ikem 
c0cl.e assigned t o  each sensor  l oca t i on .  S i ~ n a l  p a l r s  ( channe l s )  
r equ i red  i n  each a r ea  o f  t h e  a i r c r a f t  a r e  slrmmarized i n  Tabie 
5-11. Spare channels  a r e  a l s o  t abu l a t ed .  
5.5 Junct ion Box. Junct ion boxes ( j -boxes)  a r e  i n s t a l l e d  a t  
c r i t i c a l  s t r u c t u r a l  breaks i n  t h e  a i r c r a f t  t o  f a c i l i t a t e  mainte- 
nance of the sensor  i n s t a l l a t i o n  and cab l ing .  Each remote j-box 
has e x c i t a t i o n  and common tes t  bq in t s .  Figure F-2 i l l u s t r a t e s  
j-box ex t e rna l  conf4gura t ion  and i n t e r n a l  wi r ing .  There a r e  20 j-box l oca t i ons  on the a i r c r a f t  a s  shown in F; &re 5-1. Each j-box has 1 6  i npu t  c o n - x t o r s  i d e n t i f i e d  using the fol lowing 
scheme (RP-1 a s  an exain?le). 
5.6 Patch Panel Wiring. A s tandard  system of s i g n a l  d ~ s t r i b i i -  
t i o n  is used t o  convey s i g n a l s  from remote j-boxes t o  the patch  
panel  loca ted  on L l e  i n s t r uqen t a t i on  p a l l e t .  The s tandard  s i g n a l  
distribuV.ion cab l e s  ( s e e  5 . 1 )  te rminate  a t  61-pin plugs which 
connect  t o  ICPT02-94-61s c h a s s i s  mount plugs i n s t a l l e d  on t h e  in -  
s t rumenta t ion  p a l i e t .  These p lugs  a r e  wired t o  t he  lower h a l f  of 
t h e  patch  panel  which con ta ins  t he  removable El s i g n a l  cab le  
program board ( r e f e r ence  Figure 1 - 5 ) .  Figures 5-6 through 5-25 
show connector wir ing t o  t h e  BHT s i g n a l  cab le  program board f o r  
each of  t h e  20 j-box connectors .  The upper s ec t i on  of  t h e  patch  
panel con ta ins  t h e  NASA d a t a  a cqu i s i t i on  subsystem program b3ard 
- .  ( r e f e r ence  Figure 1 -6) .  
301-099-022C 
8 August 1980 
TABLE 5-1. SENS3R CABLE ASSIGNMENT. 
I 
/ CHANNEL AND LOCATION 
Right R o t c r ,  Cable No. 1 (RR-1) 
Right Rotcr 
Rig. t Rotor 






















Blzde ( R e c ~ ,  
Blade (Red) 
Blade (Red) 
Hub Spindle  
Hub Ss ind le  
Link (Red) 
Bm Bend S t a  22.8 A 
Bn E n d  S t a  52.5 
Bm Bend S t a  75 A 
Bm Bend S t a  112.5 
Ch Bend S t a  52.5 
Ch Bend S t a  75 
Ch Bend S t a  112.5 
Torque Bend S t a  52.5 
Torque Bend S t a  112.5 
L.E. S t r e s s  S t a  9.5 A 
T.E. S t r e s s  
Feather ing  
(Red) Bm Bend 
(Red) Ch Bend 
FCc~ht Rotor, Cable Yo. 2 (RR-2) 
Right Rotar Mast P a r a l l e l  Bend 
Right ?otor  Mast Perpendicular  E&nd 
Right . > t o r  Mast Torque (02) 
Right Rotor Swashplate Dr ivsr  
Right Rotor Gimbal Flapping 
h g h t  Rotor P i t c h  Link (White) 
Right Rotor P i t c h    ink (Green) 
Right Rotor Hast Torque (04) A 
Right Rotor Hub S s i n d l e  Bn (White) 
Right Rotor Hub Spindle  C 3  (White) 
R i ~ h t  Rotor Hub Spindle  Bm ( G r e n ~ ;  
Right Rotor Hub Spindle Ch (Green) 
Right Rotor C o l l e z t i v e  Actuator  Pos 
Notes: A Red blade  is  instrumented,  green and white  b lades  
a r e  not .  
Akbrsviat ic:  Bm - beam 
Ch - chord 
LE - leading edge - .  
TE - t r a i l i n g  edge 
Mult iple  gages on one component a r e  i d e n t i f i e d  a s  
0 1 ,  3 2 ,  03, 04, e t c .  Item code does no t  change f z r  
- -  
realmaant gages. 
P-S 
1iiL3tsds p7 i?P Id,.[ DY? 
uo sr ~auurq3 pcqcuh~sap - (NJ) 
ua>s.is 7 ~q yr>rxq ;QCI aq-: 
110 ST 13UUe1{3 pa~~ub~sap - (IqI),I) : SUOT3PTA3XClqV 
(Y=jOT3,0) v 
sasaq3uaJed ur unoys uo~~~sod ~r~pex ~axtpsuer~, :sa~o~ 
I 
- - 
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TABLE 5-1. (CONTINUED! 
urc or ol,ta,urr JI art4 on lnlr p*)r s 1 



















CKWNEL AND LOCATION 
Right  Wing, Cable  No. 1 (RW-1) 
Xight Wing Upper Pane l  BL-0 Outer  Skin S t r e s s  
Right  Wing Lower Pane l  BL-0 Outer Skin S t r e s s  
Right  Wing Upper Pane l  i3L-0 Inne r  Skin  S t r e s s  
Right  Wing Lower Pane l  BL-0 Inne r  Skin S t r e s s  
Right  Wing Beam Bend WS 22 
Right  Wing Chord Bend WS 22 
Right  Wing Torque WS 22 
Right  Wing F ron t  Spar Shear  Upper WS 66 
-Right Wing F ron t  Spar  Shear  Lower WS 66 
Right  Wing R e a r  Spar  Shezr  Upper WS 6E 
Right  Wing Rear Spar  Shear  Lcwer WS 66 
Right  F lap  Drive Tube Torque 
h g h t  F l a p  Drive Tube Beam Eend 

























; I  Right  F laperon  Con t ro l  Arm Force Right  F laperon  Beam Bend Force C . Ricjht A i l e ron  Pos (F laperon  Ac tua to r )  
D I Right  Pylon Conversion A c t  Force 
Z I Right  Pylon Conversion S p i n d l e  Beam Bend 
F i Xight Pylon Conversion Sp ind le  Chord Bend 
G f Right  Pylon Conversion Pos 









Right  6 1 ~ 3  Fron t  Spar  Shear  Upper WS 142 S634 
Right  Wing F r o n t  Spar Shear  Lower WS 142 1 S 6 3 5  i R ight  Wing Rear Spar  Shear  Upper WS 142 : S636 
Right  Wing Rear Spar  Shear  Lower WS 142 1 S637 
F lap  Pcs  D617 
301-099-022C 
? August 1980 
TABLE 5- I. (CONTINUED) 
CHANNEL AND LOCATION 1 ITEM / 
CODE 
Right  Main Gear, Cable  No. 1 (RMG-1) 
R/H Main Landing Gear Drag S t r u t  Ax ia l  Force (Tension 
R/'H Main Landing Gear Oleo S t r u t  La t  Bend 
R/H Main Landing G e a r  Drag S t r u t  Ax ia l  Force 
(Compression ) 
R/Ii .Main Landing Gear Ac tua to r  Pos 
R/H Main Landing G e a r  Oleo Extens ion  Pos 
Nose, Cable N o .  1 ( N - 1 )  
Nose Larding Gear Oleo S t r u t  L a t  Bend ( L e f t )  
Kose Landing C e s r  Zfeo S t r u t  L a t  Bend (Right :  
Nose Landing Gear Drag S t r u t  Ax ia l  Force 
Nose Landing Gear Actua to r  Pos 
Nose Landing Gear O l e o  Extens ion  Pos 
Nose Boon Airspeed 
Nose Boom A l t i t u d e  
2 8 V  DC 
Nose Boom Angle of  A t t a c k  
Nose Boom Angle o f  S i d e s l i p  
3 0 1 - 0 9 9 - 0 2 2 C  
8 August 1 9 8 0  





































CHANNEL AND LOCATION 
C o c k p i t ,  C a b l e  No. 1 (CP-1 )  
P i l o t  P o w e r  L e v e r  P o s  
P i l o t  R u d d e r  P e d a l  P o s  
P i l o t  F l a p  L e v e r  P o -  
P i l o t  Seat V e r t  A c c e l  
P i l o t  Seat  L a t  A c c e l  
C o - p i l o t  Seat V e r t  A c c e l  





D 3 0 9  
A 0 1 9  
A3 0 2 
A 3 2 0  
A 3 0 3  
I 
T i l o t  F/A C y c l i c  S t i c k  F o r c e  F 3 3 0  
P i l o t  L a t  C y c l i c  S t i c k  F o r c e  1 F 3 3 1  
P i l o t  R i g h t  P e d a l  Force 
P i l o t  L e f t  P e d a l  Force 
R i g h t  F u e l  Q u a n  
L e f t  F u e l  Q u a n  
I n s t r  P a n e l  OAT 
2 8 V d c  (OAT) 
R a d a r  A l t i m e t e r  
C o c k p i t ,  C a b l e  N o .  2 (CP-2)  
P i l o t  F/A C y c l i c  S t i c k  P o s  
P i l o t  L a t  C y c l i c  S t i c k  P o s  
F 3 3 3  
F 3 3 4  
R 3 2 0  
R 3 2 1  
T 3 2 2  
- - 
D 3 2 7  
DO21 
DO22 
oR!.k:r.;.-.! ;, . , - 
. C 301-099-022C 
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TABLE 5-1. (CONTINUED) 
R i g h t  E n g i n e  F u e l  F l o w  R a t e  
L e f t  Engine F u e l  F l o w  R a t e  
R i g h t  Engine T o r q u e  
L e f t  E n g i n e  T o r q u e  
Interconnect S h a f t  T o r q u e  
R i g h t  E n g i n e  NII RPM 
L e f t  E n g i n e  NII RPM 
2 8 V d c  
Inter-corn 
L e f t  Engine Ge~erator V o l t s  
Lef t  E n g i n e  Generator Amps 
R i g h t  Engine G e n e r a t o r  V o l t s  
R i g h t  E n g i n e  Generator Amps  
D I S C  
F u s e l a g e  T e m p  Scanner C o n t r o l  
Fuselage Temp Scanner D a t a  S igna l  
I I C a b i n ,  C a b l e  No. 1 (CAE-1) I I 
CHANNEL AND LOCATION 
C o c k p i t ,  C a b l e  No. 3 (CP-3)  
C a b i n  R o l l  A t t i t u d e  G y r o  
C a b i n  P i t c h  A t t i t u d e  G y r o  
C a b i n  Yaw A t t i t u d e  G y r o  
C a b i n  R o l l  R a t e  G y r o  
C a b i n  P i t c h  R a t e  G y r o  
C a b i n  Yaw R a t e  G y r o  
A i r c r a f t  CG A c c e l  ( S e r v o )  
28 V d c  Aircraft CG A c c e l  ( S e r v o )  
A i r c r a f t  CG A c c e l  V e r t  
A i r c r a f t  CG A c c e l  F/A 
A i r c r a f t  CG A c c e l  L a t  
D i f f  C y c l i c  Washout A c t u a t o r  P o s  
F/A SCAS A c t  P o s  
L a t  SCAS A c t  P o s  
D i r  SCAS A c t  P o s  
ITEM I 
CODE 
I US* w dlltDlurr of ( Y I ~  on tnts @me 8 )  IUDR(? (O tnr rntr~ctton an the I I I I ~  pc. I 
G..,>-..: - U , 9 - ; : p . - .  -,., 
.... . 2 .  
. . 
OF FCC.: .--.-,.I : ;'t 301-099-022C 
8ea n s l l ~ 0 p t . r ~  8 August 1980 
5 r . r . ~  s!-..*.or nc 
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CHANNEL AND LOCATION 
E m p e n n a g e ,  C a b l e  N o .  1 (EMP-1) 
R/H H o r i z  S t a b  S p a r  Bm Bend  BL 7 .7  
R/H H o r i z  S t a b  S p a r  Bm Bend  bL 6 5  
R/H H o r i z  Stab Spar Ch Bend  BL 7.7 
R/H H o r i z  S t a b  S p a r  T c r q  B e n d  BL 8  
L/H H o r i z  S t a b  S p a r  Beam B e n d  BL 7.7 
R/H V e r t  Stab 6x11 Bend  WL 1 0 9 . 9 5  
R/H V e r t  S t a b  Bm B e n d  WL 1 1 3 . 9 4  
R/H E l e v a t o r  D r i v e  T u b e  T o r q u e  
R/H E l e v a t o r  Beam B e n d  
E m p e n n a g e ,  C a b l e  N o .  2 (EYP-2) 
R/H R u d d e r  D r i v e  T u b e  T o r q u e  
R/H R u d d e r  Bm B e n d  
L/H R u d d e r  D r i v e  T u b e  T o r q u e  
L/H R u d d e r  am Bend  
L/H E l e v a t o r  D r i v e  T u b e  T o r q u e  
L/H E l e v a t o r  Bm Bend  
R/H E l e v a t o r  Pos 
R/H X u d d e r  P o s  


















M2 7 9  
B282 
D 2 8 1  
D283 
F 2 8 6  
I 
TABLE 5-1. (CONTINUED) 
DISC CWNEL AND LOCATION 
L e f t  Main Gear, Cable No. 1 (LMG-l !  
L/H Main Landing Gear Drag S t r u t  Axial  Fcrce 
(Tension) 
L/H Main Landing Gear Oleo S t r u t  Lat Bend 
L/H Main Landing Gear Drag S t r u t  Axial  Force 
(Compression) 
L/H Main Landing Gear Actuator  Pos 
L/H Main Landing Gear Oleo Extension Pos 
ITEM 
CODE 
Lef t  Wing, Cable N o .  1 (LW-1) 
USC J. d~scmsure 01 Y11 on ! . . I $  p y r  
IuDIC(: to the rmtr~clton on the 11t1t p a r  L J 
A j L/H Flap Beam Bend 
B L/H Flap Drive Tube Torque 
C I 
D j L/H Flaperon Concrol Arm Force 
E L/H Flaperon Beam Bend 











L/B Pylon Conversion Spindle Beam Bend 
L/H Pylon Conversion Spindle Chord Bend 
L/H Pylon Conversion Actuator  Force 
ORIGii.t'.X P;;.:?; IS 
OF F,; '.'- P.1 . < , ..y 
- . > , < - . ?  ' 
301-099-022C 
8 August 1980 



































CHANNEL AND LOCATION 
L e f t  Rotor ,  Cable No. 1 (LR-1) 
L e f t  Rotor Blade (Red) Bm Bend S t a  22 .8  
L e f t  Rotor Blade (Red) Bm Bend S t a  52.5 
L e f t  Rotor Blade (Red) Bm Bend S t a  75 
L e f t  Rotor Blade (Red) Bm Bend S t a  112.5 
L e f t  Rotor Blade (Red) Ch Bend S t a  52.5 
L e f t  Rotor Blade (Red) Ch Bend S t a  7 5  
L e f t  Rotor Blade (Red) Ch Bend S t a  112.5 
L e f t  Rotor Blade (Red) Torque S t a  52.5 
L e f t  Rotor Blade (Red) Torque S t a  112.5 
L e f t  Rotor Blade (Red) S t r e s s  L.E. S t a  9.5 
L e f t  Rator Blade (Red) S t r e s s  T.E. S t a  9.5 
L e f t  Rotor Blade (Red) Fec the r ing  Pos 
L e f t  Rotor Hub Sp ind le  (Red) Brn Bend 
L e f t  Rotor Hub Sp ind le  (Red) Ch Bend 













S 1 4  8 
DO66 
B 1 1 4  
8115 
F060 
L e f t  P i t c h  Link (White) 
L e f t  P i t c h  Link (Green) 
L e f t  Rotor Mast Torque (04)  
L e f t  Rotor Hub Sp ind le  Beam Bend (White) 
L e f t  Rotor Hub Sp ind le  Ch Bend (White) 
L e f t  Rotor Hub Sp ind le  Beam Bend (Green) 
L e f t  Rotor Hub Sp ind le  Ch Bend (Green) 
L e f t  Rotor C o l l e c t i v e  A c t  Pos 
L e f t  Rotor ,  Cable No. 2 (LR-2) 
L e f t  Rotor Mast P a r a l l e l  Bend 
I 
B14 0 
L e f t  Rotor Mast Pe rpend icu la r  Bend B 1 4 1  
L e f t  Rotor Mast Torque (02)  M 1 4  3 
L e f t  Rotor Swashplate  Driver  F142 









- 7  ".., r . .  - . .rr ,*., G,:, . - .,- : ., , -  ;.> 301-099-022C 
h H  wkOpt8?- OF FG.:,,': &:;ti! ;y 8 August 1 9 8 0  
TABLE 5-11. CABLE DISTRIPUTION SUMMARY. 
I use or drrcmurr or MJ on tn~s p)ge 15 submt to tnr r ~ t r ~ c t m n  o  ~ n e  ~ I C  m e  I 
Righ t  Rotor 
L e f t  Rotor  
Righ t  Pylon 
Left Pylon 
R igh t  Wing 
L e f t  Wing 
Empennage 
Cockpi t  
Nose 
R igh t  Main Gear 
L e f t  Main Gear 
Cabin 
T o t a l  
No. oi 














I S i g n a l  
A v a i l a b l e  
32 
3 2  
3 2  
3 2  
3 2  
1 6  
3 2  
48 
16  
1 6  
1 6  
1 6  
320 
P a i r s  
Requi red  
28 
28 
3 1  
3 2  
26 
8  
1 8  
3 2  
1 0  
5  
5  
1 5  
238 














~F;;<;lh,+:. PkciL IS 
Bstt hell copter^ p~:,!? pliRL!TY 
C . , ., .,..Jp r 301-099-022C 
d5e  lr  21ic','>. I ?  21 i n  IPI, ,i ~,,Q,NI ! c the r ~ , t r ~ ~ t , ~ n  >,- the ~ I I I ~  me 




Cockp~t .  Cabla No 3 
C h n .  Cable N o  1 
Emgenn.pe. CIbIe No 1 
Empennage. M l e  No 2 
Left h h l n  Gear. b b l c  No.  
Left Wng. W l e  No 1 
L d t  Pylon. a b l e  No 1 
Left Pylon, a b l e  No 2 
Left 9c tor.  Q b l e  No 1 
Ldt Rotor. Cable No 2 
R ~ g h t  Rotor. Cable No  1 
R ~ g h t  Rotor. C&le No  2 
Right Pvlon. Cable N o  1 
Right Pvlon, Cable No 2 
R ~ g h t  W l q .  Cable No 1 
R19ht W I ~ .  Cable h10 2 
R ~ g h t  M a ~ n  Gear cable No  1 
Nose, Cable Na 1 
Cockp~ t .  Cable NO 1 
C o c k ~ l t  Cable No 2 
F i g u r e  5-1. I n s t r u n e n t a t i o n  J-box lccation 
ORIGINAL PAGE IS 
301-099-022C 
8 August 198C kl I k # c o g t m r m  OF POOR QUALITY 
* 8111. 
- #*I?. 
8 l n u  
be. 4 
#I* 
a t 0  C 




r t o  * 
810 1 
b l*  J 
810 
810 L 







- t r  
LO S O  
SIC 110 - 
co- 
Figuxe 5 - 2 ,  Typical instrunentation distribution - . 
cable and J-box. 
QWIGINAL PAGE 
,a11 ellc cop tar^ OF POOR QUALITY 
; . I IS vr,s  cn -; 
301-099-022C 
j sr  l r  .tt$clor. rr at odld nlr t h ~ )  wte is ~ U ~ I K I  t o  the  r P ~ t r 1 c 1 1 o n  an t h e  11t1e oaoe 









BROWN 1 QRAG STRUT FORCE 
NOTES 
@ WIRING OF THE KPT06-106P INPUT PLUG !TYPICAL FOR A L L  INPUTS). . 
@ SENSC3 PLUGS ARE DRAWN AS A 3 BY 4 MATRIX SO THbT 1'HE SAME FORMAT 
MAY BE USED TO SHOW ANY 3 OR 4 P I N  PLUG 
@ SENSOR CHANNELS ARE DESIGNATED FOR EACH J-BOX INPUT 
SENSOR CONNECTORS ARE IDEN I IFIED BY LINES TO THE 3-WIDE MATRIX. 8 SENSOR CONNECTORS WHICA ARE CIRCLED (SEE SHEET 2 OF FIGURE 5-31 REFER 
TO AN I '3DITIONAL DfiAWING INSERTED AFTER THE BASIC J-BOX PRINT FIGURES 
5-4 A N 0  5-5 ARE EXAMPLES OF ADOENDUMS TO THE BASIC PRINT 
THE COLOR CODE IS DEFINED FOR THE INPUT SIGNAL CABLE. THE SHIELD IS CAR 
RiED FRCM THE VOLTAGE INPUT 





@ FIGURE 5-3 (SHECTS 1 AND 21 SHOWS SHORTING OF PIN 3 TO CARRY BRIDGE VOLTAGE 
BACK TO LOW S l t E  OF AMX CARD INPUT FOR POTENTIOMETER CHANNELS 
8 SENSOR CONkECI'IONS WHICH SHOW NO CONNECTOR NUMBER OR CONNECTOR 
PIN CALLOUTS ARE TERMINATED AT THE SENSOR TERMINAL BOARD WITH NO 
INTERMEDIATE SENSOR JUMPER CABLE INSTALLED IN  THIS CASE. PIN A OF THE 
INPUT CABLE IS CONNECTED TO PIN A OF THE TERMINAL a3ARO. B TO B. ETC 
J.BOX CONNECTORS ARE IDENTIFIED BY PLUG LETTER AND ITEM CODE 
Figure 5-3 .  Discccqecc harness for  J-box loca t ion  N - 1  
(sheet 1 ~f 3 )  
CRlGtNAL P G L  
OF POOR QUALITY 
t01-099-?.?2C 
b August 1380 
7.'  -. r - 3 .  Disconnelzt h a r n e s s  for J-box l o c a t i o n  :-1. 
( S h e e t  2 o f  3 )  
- 7 1  @pfG;yJ.:...;. r: i', 
k(l W.lkopter- . - n.7 . , p c g v ~ . :  - ;Llrf 
- . . *.' . - <  301-099-022C 
.? 3' 21\:9:. re 2' 'dld '- 1*11 me 8 %  rualal tc. t * t  m l r K t c -  ,r t r e  t t t , i  me 
8 August 1980 
Figure 5-3. Disconr l : ,~ t  harr~ess for  J-box locat ion N-1 
(Sheet 3 a£ 3 )  
ORIGINAL PAQE IS 
OF POOR QUALITY 301-099-022C 
k l ~ k l l c o p t m ~ m  8 August 1980 
:.,;. '.em.. -< 
F i ~ u r a  5-4 .  Airspeed-altitude sensor wirinq (example) 
ORIGINAL PAGE IS 
OF POOR QUALln 
mmk8Pt.r- 
301-099-0 22C 
2 .  .err :' 5.'. ..- ., 
8 August 1980 
Figure 5 - 5 .  Data boom wiring ( exacp ie )  . 
OF POOR QL'ALln' 
8 August 1980 
- a - H I  
- 9 - L O  
- 9 -sm 
- 16 - dI 
-10 - L O  
- 10 - SHD 
- 11 - H I  
- 11 - LO 
- 11 - mD 
- 12 - H I  
- 12 - LO 
- 12 - sXD 
- 13 - H1 
- 1 3  - L O  
- 1 5  - HI 
- 1-5 - L3 
- 15 - SRD 
- 16 - HI 
- 16 - LO 
RR1 - 16 - %D 
Figure 5 - 6 .  BHT Frogram boar? s igna l  
inpat  wires disconnect ; 
SHD 
- 5 - SHD 
- 6 : HI 
- 6 - L O  
- 6 - SHD 
- 7 -HI  
- 7 - L O  
- 7 -sm 
8 - H I  
- 8 - L O  
- 8 - S H D  
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - HI 
- 10 - LO 
- 10 - SHD 
- 11 - HI 
- 1 1  - L O  
- 1 1  -SHD 
- 12 - HI 
- 12 - LO 
- 1 2  - S H D  
- 13 - HI 
- 13 - LO 
- 13 - SHD 
- 14 .  - HI 
- r4 - LO 
- 14 - SHD 
- 15 - HI 
'IS - L O  
- 1 - SHD 
1 1  - 1 6  - H I  
- 16 - LO 
R.91 - 6 - SHD 
Figure 5-70 BH? Program board sag-1 
input wires disconnect #RR~. 
301-099-022C 
8 August 1 9 8 0  
RR2 - VE - SHD 
PAGE 19 
O F Q O O R Q U ~  
301-099-022C 
kW ) ( . Y c O p t . r m  8 August 1980 
3. -~#-* . .  > -  -- 
- VE - LO 
- SEN - HI 
- PEN - LO 
- S.:N - St10 
- I - H I  
- 1 -LO 
- 1  - SHD 
- 2 - H I  
- 2 -LO 
- 2 - SHD 
- 3 - 91 
- 3 -LO 
- 3 - SHD 
- 1) - H I  
- I -LO 
- O - SHD 
- S - i l I  
- 5 -LO 
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
- 7 - H I  
- 7 -LO 
- 7 - SHD 
- 8 - H I  
- 8 -LO 
- 8 - SHD 
- 9 - H I  
- 9 -LO 
- 9 - SHD 
- 10 - H I  
- 10 - LO 
- 10 - SHD 
- 1  - HI 
- 11 - LO 
- 11 - SE!D 
- 12 - H I  
- 12 - LO 
- 12 - SHD 
- 13 - HI 
1  - L O  
- 1  - SHD 
- 1  - H I  
- .11) - LO 
- 14 - SHD 
- 15 - HI 
- 15 - LO 
- 15 - SHD 
- 16 - HI 
1  -LO 
1  -SHD 
?igure 5-8. BHT grogram board siqnal 
input  wires disconr-=ct #LR1. 
SHD 
ORtGINAL PACE 1S 
OF POOR QUALITY 
301-099-022C 
8 August 1980 
L R 2  - SEN - 
- S E N  - 
1 - SEX - 
- 1 -  
- 1 -  
- 1 -  
- 2 -  
- 2 -  
- 2 -  
- 3. - 
- 3 -  
- 3 -  
- 6 -  
- 4 -  
- 4 -  
- 5 -  
- 5 -  
- 5 -  
- 6 -  
- 6 -  
- 6 -  
- 7 -  
- 7 - 
- 7 -  
- 8 -  
- 8 -  
- 8 -  
- 9 -  
- 9 -  
- 9 -  
- 10 - 
- lo - 
- 10 - 
- 11 - 
- 11 - 
- 11 - 
- 12 - 
- 12 - 
- 12 - 
- 13 - 
- 13 - 
- 13 - 
- 11 - 
- 14 - 
- 14 - 
- 1s - 
- 15 - 
- 1s - 
, - 1 6  - 
- 1 6  - 











































L R 2  - VE - SHD 
Figure 5 -9 .  BHT proqram board sisnal 
input wires disconnect YLRZ. 
301-099-022C 
8 August 1980 
J 
- SES - HI 
- SEN - LO 
- SEN - SHD 
- 1 - H I  
- 1 - L O  
- I - SHD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 - H I  
- 3 - L O  
- 3 - SHD 
- 4 - H I  
- 4 - L O  
- L - SHD 
- 5 -t i1 
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
- 7 - H I  
- 7 - L O  
- 7 -SHD 
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - HI 
- 10 - LO 
- 10 - SHD 
- 11 - HI 
- 11 - LO 
- 11 - SHI! 
- 12 - HI 
- 12 - LO 
- 12 - SHD 
- 13 - HI 
- 13 - LO 
- 13 - SHD 
- 1 4 .  - HI 
- 16 - L O  
- 11 - SHD 
- 15 - HI 
- 1 5  - L O  
- 15 - SHD 
- 16 - H I  
- 16 - LO 
- 16 - SHD 
Figure 5-10. BHT program board s i g n a l  
input wires disconnect  IRP1. 
Ute or 11rcmure OI orlr on tn~s p*)c 
IUDICC? m tnr mtr.ct,an m tnr t ~ t ~ r  
301-099-022C 
kil ~ l . l k . c t a r m  ORIGINAL ?ACE $3 8 August 1980 
I . r.j- sf ,.t3v -: of POOR Q'JkL17Y 
Figure 5-11. BHT proqram 
input  wlres 
RP2 - VE - HI 
RPZ - VE - LO 
RP2 - SES - HI 
- SEN - LO 
1 - SEN-SilD 
- 1 - H X  
- 1 -LO 
- 1 - SHD 
- 2 - H I  
- 2 -LO 
- 2 - SHD 
- 3 - 111 
- 3 -LO 
- 3 - SHD 
- 4 - H I  
- 4 -LO 
- O - SHD 
- 5 - H I  
- 5 -LO 
- 5 - SHD 
- 6 - H I  
- 6 -LO 
- 6 - SHD 
- 7 - H I  
- 7 -LO 
- 7 - SHD 
- 6 - H I  
- 8 - L O  
- 8 -SHD 
- 9 - H I  
- 9 -LO 
- 9 - SHD 
- 10 - HI 
- 10 - LO 
- 10 - SHD 
- 11 - HI 
- 11 - LO 
- 11 - SHD 
- 12 - HI 
- 12 - LO 
- 12 - SHD 
- 13 - 111 
- 1 3  -LO 
- 13 - SliD 
- 14 - HI 
- 1 - LO 
- 14 - S1iD 
- 15 - HI 
- 15 -10 
- 15 - SHD 
f - ' I 6  -111 
- 1 6  - L O  
RP2 - : 6  - S H E  
board signal 
disconnect #R 
RP2 - ;E - SliD 
9 2 .  
301-099-022C 
8 August 1980 
I n -  L 
L F l  - SEN - 
- S E N  - 
4 - SEN - 
- 1 -  
- 1 -  
- 1 -  
- 2 -  
- 2 -  
- 2 -  
- 3 . -  
- 3 -  
- 3 -  
- 4  - 
- 4 -  
- 4 -  
- 5 -  
- 5 -  
- 5 -  
- 6 -  
- 6 -  
- 6 -  
- 7 -  
- 7 -  
- 7 -  
- 8 -  
- 8 -  
- 8 - 
- 9 -  
- 9 -  
- 9 -  
- 10 - 
- 10 - 
- 10 - 
- 11 - 
- 1  
H I  
LO 
SHD 
H I  
LO 
SHD 

















H I  
LO 
SHE 





H I  
- 11 - LO 
1 - S H D  
- 12 - H I  
- 12 - LO 
- 12 - SHD 
- 13 - H? 
. -  - .  -- 
- 15 - !il 
- 1 s  - L o  
- 1 - SHD 
- 1 6  - HI 
- 2 6  - L O  
- 1 6  - S H D  
Figure 5-12. BHT program board sj.sn;l 
i n p ~ t  wlres disconnect ILP1 .  
S H D  
301-099-022C 
) C . l l c ~ p t . r m  ORIGINAL PAGE IS 8 August 1980 
Dwjro- 0 9  T..l.o.- ,.c QF POOR ~5kilTY 
n 
I 1  LP2 - S E N  - H I  
- S E N  - LO 
n 
f i  I .  1 - S E N  - SIID - 1 - t i 1  - 1 -LC! - 1 - SHD - 2 - H I  
- - 
- Z - L U  I - 2 - SHD 
n - 3 - H I  
- I 1  
r\ I - 3 - L O  - 3 - SHD 
- L - H I  --- 
- 4 - L O  
- 4 - SHD 
- 5 - H I  
- 5 - L O  
- SHD 
- H I  
- LO & I - 6 - SHD 








- H I  
- LO 
- S E D  
- H i  
- LO 
- S H D  
- H I  
- LO 
- SHD 









Figure 5 - 1 3 .  BHT program boerd s i g n a l  
input  wires  disconnect  # 
LP2 - VE - SHD 
I uw or 61s;Iosurt 01 MU on th~s ~ * ) t  7 s  W O W  IU tnr -rr~r~ct~on an tnr t~!tr m r  I 
8 August 1980 
, 
Y 1  - "' - 1 
Rk'l - SEN - tl1 
- SEN - LO A - SEN - SH.D 
- 1 - H I  
- 1  - L O  
- 1 - SHD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 - 111 
- 3 - L O  
- 3 - SIID 
- 4 - H I  
- Ir - L O  
- 4 - SMD 
- 5  -;I1 
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L U  
- 9 - SHD 
- 10 - ti1 
- 1 0  - L O  
- 10 - SHD 
- 1 - HI 
- 1 1  - L O  
- 11 - SHD 
- 12 - HI 
- 1 2  - L O  
- 11 - SHD 
- 12 - HI 
- 1 3  - L O  
- 13 - SHD 
- 1 4  - Y I  
- .14 - LO 
- 1L - SHL 
- 1s - H I  
- 1 5  - L O  
- 15 - SHD 
r - 16 - HI '. - 16 - L O  
Rh'l - 16 - SHD 
Figure 5 - 1 4 .  BHT program board s i q n a l  
i n p u t  wlres d i sco i lnect  # R N l .  
- SHD 
ORIGINAL PAGE IS 
OF POOR QUALITY 
301-093-022C 
8 August 1980 
Figure 5-is. BHT proqran board signal 
input  wires di; sonnect CRWZ. 
RW? - VE - HI 
Rb?? - VE - LO - VE - SHD 
RW2 - SEN - HI 
'- SEN - LO 
1. - SEN - SHD 
1 
8 
- 1 - H I  
- 1 - L O  
- 1 - SHD 
- 2 - H I  
- 2 - 1 0  
- 2 - SiID 
- 3 . - H I  
- 3 - L O  
- 3 - SHD 
- 4 - H I  
- 4 - L O  
- L - SHD 
- 5 - H I  
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
0 7 - H '  
- 7 - L O  
- 7 - sHn 
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L O  
9 - SHD 
- 10 -. HI 
- 10 - LO 
- 10 - SHD 
- 11 - HI 
- 11  - LO 
1 -SHD 
- 1 2  - H I  
- 12 - L O  
- 12 - SHD 
- 13 - 111 
- 1 3  - L O  
- 13 - SHD 
- l b  - HI 
- 16 - LO I. - 1 0  - SHD - 15 .. HI - 15 - LO - 1 - SHD - 16  - HI 1 - L O  
RW2 - 16  - SHD 
ORIGINAL PAGE 13 
OF POOR QUAhiTY 
LW1 - VE - LO 
- SEN - LO 
- SEN - SHD 
- 1 - H I  
- 1 - L O  
- 1 - SHD 
- 2 - H I  
- r - L : L .  
- 3 - 111 
- 3 - L C  
- 5 - H I  
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 5 - L O  
- 6 - SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
8 - H I  
- 8 - L O  
- R - SHE 
- 9 - H Z  
- 9 - L O  
- - SHD 
- 10 - 'iI 
- 10 - LC 
' - 10 - SHG 
- 11 - HI 
- 11 - LO 
- 11 - SHD 
- 12 - ti1 
- 12 - LO 
- 12 - SHD 
- 13 - HI 
- 13 - LO 
- 13 - SYD 
- 1 4 ,  - 'I1 
- 14 - LO 
- 14 - SHD 
- 15 - HI 
- 15 - LO 
- 15 - SliD 
- 1 6  - L 3  
..,. LWl - 16 - ~ 1 . i  
--Figure 5-15.  BHT program board signal 
input wirer disconnect IT 
SHD 
ORIGINAL PAGE IS 
n m  --- 
Vr POOR QUALIN 
301-099-022C 
-mmJ 8 August 1980 
PIP1 - V E  - HI 
DIP1 - VE - SHD 
- 2 - L O  
- 2 - SHD -
- 3 - H I .  
- 3 -LO 
- 3 - SHD 
- O - H I  
f i  
I t  - 
. I - 5 - H I  - 5 - t o  
- 5 - SHD 
- i - L O  
- 4 - SYD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
- 7 - H I  
- 7 - !>O 
- 7 - SHD 
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - HI 
- 10 - LO 
- 10 - SHD 
- 11 - HI 
- 11 - LO 
% 1 - 11 - SHD 
I 
Y - i 6  - L O  m1 - 16 - SHD 
. .  . - -  - 
Figure 5-17. BHT program board s iqnal  
input wires disconnect tEMP1. 
ORIGINAL PAGE IS 301-099-022C 
OF POOR QUAL!W 8 August 1980 
.Lr.YPI ..' 'kl?,... ?,' 
M P 2  - VE - HI 
I Em2 - VE - LO 
- SEN - HI 
I 
- SEN - LO 4 - SLY - SHD 
- 1 - H I  
- 1 - L O  
- 1 - SHD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 . - H I  
- 3 - L O  
- 3 - SHD 
- fI - H I  
- 4 - L O  
- 4 - SHD 
. -  5 - H I  
- s - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 - S H D  
- 7 - H I  
- 7 -LO 
- 7 - SHD 
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - H I  
- 10 - LO 
- 10 - SHD 
- 11 - H I  
- 11 - LO 
- 11 - SHD 
- 12 - H I  
- 12 - LO 
- 12 - SHD 
- 13 - H I  
- 13 - L O  
- 13 - SHD 
- 14 - HI 
- 1 6  - L O  
- 1& - ShD 
- 1s -. HI 
- 1s - LO 
- 1s - SND 
1 - 16 - H I  
- 16 - LO 
m2 - 16 - SHD 
k'ioar3 5-18. ' BNT program board signal 
input  wires disconnect #EMP2. 
US* or * S C ~ O ~ U I ~  H WM om mlc , p ,3 
sut)rct w tnr mtr~ct~on or, t,tb p*), 
ORMINAL PAW IS 
OF POOR QUALITY 301-099-022C k l m b a p t . * m  8 August 1980 
a,..- E' )..I.oP ,. 
I 
C P 1  - S E h  - H I  
- SEN - LO 
b - SEN - SHI! 
- 1 - H I  
- 1 - L O  
- 1 - SHD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 - H I  
- 3 - L O  
- 3 - SHD 
- 8 - H I  
- 8 - 1.0 
- I - St lD 
- 5 -? i I  
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 .- LO 
- 6 - SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
8 - H I  
- 8 ' -  LO 
- @ - SHD 
- 9 - H I  
- 9 - L O  
- 9 . r  SHD 
- 10 - H I  
- 1 0  - L O  
- 10 - SHD 
- 11 - H I  
- 11 - LO 
-11  - S H D  
- 12 - H 1  
- 12 - LO 
- 1 2  - S H D  
- 13 - H I  
- 13 - LO 
- 13 - SHD 
- l* , - H I  
- 11 - L O  
- 16 - SHD 
- 15 - H I  
- 1 5  - L O  
- 15 - SHD 
t - 16 - H I  
- 1 6  - L O  
CP1 - 6 - SHD 
- -- Figure 5-19. BHT progra!! board s igna l  
inpu; wires disconnect # C P l .  
SHD 
VII W dlrr Iaurr 01 OH4 on r n ~ r  #r I$ 
rubml 10 tnr racrxtw on tar tttlr w r  
~ i ~ u r ;  5-20. BHT program 
input w i r e s  
---- - -  
CP2 - VL - Ld I CP* 
Cr? - SEEi - HI 
- SEN - LO A - SEY - SIID 
- 1  - H I  
- 1  - L O  
' - 1  - SHD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 -:I1 
- 3 - L O  
- 3 - SHD 
- t - H I  
- t - L O  
- b - SHD 
- 5  - H I  
- 5  - L O  
- 5  - SHD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - HI 
- 1 0  - LO 
- 10 - SHD 
- 11 - HI 
1  - L O '  
- 1 1  - S H D  
- 12 - HI 
- 12 - LO 
- 1 2  - S H D  
I - 13 - HI 1  - L O  - 13 - SHD - 16 - HI 
- .I4 - LO 
- It - SlfD 
- 15 - H I  
- 1s - LO 
- 15 - SHD 
- 16 - HI 
* 1 6  - LO 
CP2 - 16 - SIlD 
board signal 
disconnect #CP2. 
VE - SHD 
ilu or antbrurr # YU on m ~ s  ,r 
WOIW ID tnr mlrtctlgn rn t~th 
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OF POOR QUALITY 301- 099-022C 8 August 1980 
- V E  - L O  
- SLY - H I  
- S E N  - LO 
I 
- SEN - SItD 
- 1 - H I  
- 1 - L O  
- 1 - SHD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 . - H I  
- 3 - L O  
- 3 - SHD 
- 4 - H I  
- I - L O  
- I - SHD 
- 5 - H I  
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 - SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
- 8 - H I  
- 8 - L O  
- 8 - S H D  
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - H I  
- lo - LO 
- 10 - SHD 
- 11 - H I  
- 11 - LO 
- 11 - SHD 
- 12 - H I  
- 1 2  - LO 
- 12 - SHD 
- 13 - H I  
- 13 - L O  
- 13 - SIlD 
- 14 - H I  
- 14 - LO 
- 11 - SHD 
- 1s - H I  
- 15 - LO 
- 15 - SI!D 
- 16 - H I  
- 16 - LO 
- 16 - SHD 
CP3 - VE - SHD 
- - 
~ l ~ u r e  5-21. BHT program board signal- . - 
i n p u t  wares d i sconnec t  ICP3. 
Use w otscm~rr d Onr on rn~, 01pt 1, 
, u o ~ t  ro tnc mtttctrgn on MI t 1 1 ~  wip 
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N1 - SEN 
- SEN 
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N1 - VE - SHD 
Figure 5-22. BHT program board s i g n a l  
input wires disconnect  #N1. 
oR\WAL PAGE 13 
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3.,w '*.1-c- -, 
- 6 - SHD 
- 5 - H I  
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 -SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
- 8 - H I  
- 0 - L O  
- 8 - S H D  
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - H I  
- 10 - LO 
- 10 - SHD 
- 11 - HI 
- 11 - LO 
- 11 - SHD 
- 12 - HI 
- 12 - LO 
- 12 - SHU 
- 13 - HI 
- 13 - LO 
- 13 - SHD 
- 14 - H I  
- .14 - LO 
- 14 - SHD 
- 15 - H I  
- 1s -- LO 
- 15 - SHD 
- 16 - LO 
&%l - 16 - SHD 
Figure 5-23. BHT program board sianal 
input wires disconnect #WIG 
SHD 
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J 
G 1  - SEN - H I  
- SEX - LO 
- S E N -  S ~ I D  
- 1 - H I  
- 1 - L O  
- 1 - St iD 
- 2 - H I  
- 2 - L O  
- 2 - SHD 
- 3 . - H I  
- 3 - L O  
- 3 - S t l o  
- 4  - H I  
- 4  - L O  
- h  - SHD 
- 5 - H I  
- 5 - L O  
- 5 - S H D  
- 6 - H I  
- 6 - L O  
- 6 - SIlD 
- 7 - H I  
- 7 - L O  
- 7 - St10  
- 8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 - L O  
- 9 - SHD 
- 10 - H I  
- 1 0  - L O  
- 10 - SHU 
- 11 - H I  
- 11 - LO 
- 11 - SHD 
- 12 - H I  
- 12 - LO 
- 12 - SIlD 
- 13 - H I  
- 1 3  - L O  
- 13 - SHD 
- 1 L  - K I  
- 1 4  - L O  
- l h  - SHD 
- 15 - HI 
- 1 5  - L O  
- 15 - St iD 
- 10 - H I  
- 1 6  - L O  
K;1 - 16 - Sl lD 
-. 
~ i g u r e  5-24. BHT program board signdl 
i n p u t  wlres d i sconnec t  WLFlG1. 
- SHD 
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I I 
'Q' 
f i  
Figure 5-25. BHT program board s i g n a l  
input wlres disconnect  CCABL. 
CAB1 - - HI 
Wl - via - LO]C SHD 
y 
use a OIKD)U~I QI OIU on rn~, o*)( 
IUOIW to Me rnlrlclron m the (I t11H DM 
- 
CAB1 - SEN - HI 
- SEN - LO 
i~ - SEN - SHD 
- 1 -HI 
- 1 - L O  
- 1 ' - SHD 
- 2 -HI 
- 2 -LO 
- 2 - SHD 
- 3 - H I  
- 3 - L O  
- 3 - SHD 
- O - H I  
- 4 -LO 
- 4 - SHD 
- 5 - H I  
- 5 - L O  
- 5 - SHD 
- 6 - H I  
- 6 - L O  
- 6 '- SHD 
- 7 - H I  
- 7 - L O  
- 7 - SHD 
8 - H I  
- 8 - L O  
- 8 - SHD 
- 9 - H I  
- 9 -LO 
- 9 - SHD 
- 10 - HI 
. - 10 - LO 
- 10 - SHD 
- 11 - HI 
- 11 - LO 
- 11 - SHD 
- 12 - HI 
- 12 - LO 
- 12 - SHD 
- 13 - HI 
- 13 - LO 
- 13  - ShD 
- 1 6 .  - H I  
- 14 - LO 
- 1 - SHD 
- 15 - tlI 
- 15 - LO 
- 15 - SYD 
- 16 - HI 
- l b  - LO 
CAB1 - 16 - SHD 
301-099-022C 
8 August 1980 
SECTION 6. SENSOR INSTALLATION 
This section defines the installation of the research instrumen- 
tation transducers. 
6.1 Transducer Installation Worksheets. The installation of 
each research instrumentation transducer is covered bv a lzb 
worksheet or engineering sketch. The worksheet defines the 
transducer type and location, installatio procedure, lead ter- 
minations, and illustrates the instrumented component. Figures 
6-1 through 6-7 show the transducer installation worksheets for 
all sensors associated with j-box N-1 which is the example used 
in Section 5. A complete set of worksheets for transducers in- 
stalled in Aircraft No. 1 is found in Volume 11. Worksheets for 
Aircraft No. 2 are found in Volume 111. A keyed description of 
information contained on the standard BHT instrumentation labora- 
tory worksheet is found in Figure 6-1. Bell Helicopter Textron 
Operating Procedure No. 13-OP-0401 (see reference 1) describes 
worksheets and documentation procedures for strain gaging of 
structural parts. 
6.2 Strain Gage Application. Procedures used to apply strain 
gages to structural parts are described in BHT Engineering Lab- 
oratory Operating procedure No. 80-13-004 and 13-OP-0402 (see 
reference 2 and 3 ) . 
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Figure 6-1. Instrumentation laboratory worksheet - 
keyed description (Sheet 1 of 3) 
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NOTES 
Block 1 - MODEL NO. - Model number of the aircraft on which the 
instrumented part or component will be used. 
Block 2 - GAGE TYPE - Part number, type or catalog number of the 
gage installed on the part. 
Block 3 - DLN - Dai.-y Labor Number assigned for direct engineer- 
ing labor cost. 
Block 4 - EWA NO. - Engineering Work Authorization number app1,- 
cable to this job. 
Elock S - RESISTANCE - Resistance of the gages used on the sub- 
ject part. 
Block 6 - LAB NUMBER - The sequentially assigned alpha-numeric 
designation which identifies the lab sheet. 
Block 7 - WORK ORDER - Work Order against which all labor and 
materials are charged. 
Block 8 - GAGE FACTOR - Index of strain sensitivity of the in- 
stalled gage. 
Block 9 - PART NO. - Part number of the part or component in- 
strumented. 
Block 10 - REQUESTED BY - Engineering requesting the instrm.cnta- 
tion. 
Block 11 - LOT NO. - The manufacturing lot number of the in- 
stalled gage. This number is assigned by the gage rnanuEhcturer. 
Block 12 - SERIAL NO. - The manufacturer's serial number assigned 
to the part or component being instrumented. This block is ap- 
plicaole only to serialized parts. 
Block 13 - TITLE OF TEST - The type of test that the part will be 
used in (e.g., flight test, fatigue test, bench test). 
Block 14 - SKETCH - A schematic representation of the part which 
illustrates the gage location, orientation and designation (e.g., 
01, 02, etc.). 
Figure 6-1. Instrumentation laboratory worksheet - 
keyed description (Sheet 2 of 3) 
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NOTES (Concluded) 
Block 15 - RE;JIARKS - Vt rbal description of work to be done in- 
cluding any special instructions. 
Block 16 - BRIDGE - Type of bridge (e.g., Lending, torsion, 
stress, axial) and bridge designation (e.g., 07, 08). 
Block 17 - BALANCE - Indication of the bridge balance network on 
a scale of 0-1000 (500 is a perfect balance). 
Block 18 - RES TO GROUND - The resistalide (usually in megohms) 
from the bridge terminal to a conducting surface of the part. 
Block 19 - DATE ASSIGNED - The date the part is assigned to be 
gaged. 
Block 20 - TECHNICIAN - The technician responsible for applica- 
tion of instrumentation. 
Block 21 - EST HOURS - The amount of labor in manhours estimated 
to gage the part. 
Block 22 - DATE COMPLETED - The date that gaging of the part is 
complete. 
Block 23 - ENGINEER - The engineer responsible for the gaging. 
Block 24 - ACT HRS - Actual manhours used to complete the gage 
installation. 
Block 25 - APPROVE3 BY - The individual responsible for approving 
the materials and procedures used to gage the part. 
Note 26 - 'TEM CODE - The measurement item code is usually noted 
on the lab ,dark sheet for each bridge. 
Figure 6-1. Instrumentation laboratory worksheet - 
keyed descriptior. (Sheet 3 of 3 ) 
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Figure 6-3. Nose urd mmm landing g o u  
actuator pos i t ion .  
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SECTION 7. SENSOR CALIBRATION 
This section est?hlishes calibration requirements, procedures, 
re-calibration intervals, and documentation requirements for 
XV-15 research instrumentation sensors. 
7.1 Sensor Installation and Calibration. Sensors are installed 
in the aircraft during assembly. All strain-gaged components are 
calibrated prior to installation on the aircraft except where 
this is not practical (e.g., wing and landing gear strain gages). 
Position sensors are calibrated after installation on the air- 
craft and after completion of positive identification and sign 
convention checks (see Section 9). Accelerometer and pressure 
sensors are calibrated prior to aircraft installation using lab- 
oratory procedures. With the aircraft level, the attitude gyros 
will be installed and shimmed to give zero output between caged 
and uncaged positions for pitch and roll attitudes. When all 
sensors have been calibrated, installed on the aircraft and all 
signal cables have been connected to tht data package, checkout 
of each data channel can begin (see Section 9 for checkout proce- 
dures ) . 
7.2 Calibration Requirements. Calibration requirements for re- 
search instrumentation shall be in accordance with MIL-C-45662. 
All transducers are to be calibrated by applying increasing and 
decreasing stimuli in both negative and positive directions. 
This process will provide linearity and hysteresis data over full 
scale range. Data from digital readout equipment will then be 
computer processed to provide best straight line fit to all 
points and these deviations will become the basis for acceptance 
or rejection of the calibration. Total error (deviation from 
straight line) is not to exceed i3 percent of full scale. If 
deviations greater than 23 percent cannot be avoided, then spe- 
cial considerations must be taken. The best straight line cali- 
bration data will be published as "Engineering Units/lOOK Step." 
7.2-1 Strain Gages. Strain gaged structural parts are cali- 
brated in accordance with BHT Procedure No. 80-13-005 (reference 
4 ) .  Strain gage transducers installed on the XV-15 are of the 
foil bonded type. These gages are applied under controlled con- 
ditions with BR600 cement, baked out and then covered with Shell 
956.3 covering. Large parts, such as main rotor blades and the 
empennage, which cannot be oven-baked, use Eastman 910 cement and 
the same Shell 956.3 covering. All gages ar configured as four 
active arm bridges of approximately 350R resistance. Calibration 
is performed by application of actual working loads using appro- 
priate laboratory test fixtures. These loads are related to a - 
standard load by using calibrated pressure gages and hydraulic 
cylinders. Gage output is recorded with a calibration computer, 
printing digital voltmeter, and scanner. Every effort shall be 
kl b l k o p t e r m  :. ,,,....".... ... ... 301-099-~22C 
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made to match cylinder and gage size to required full-scale cali- 
bration load. Acquisition of calibration data for strain gaged 
parts is covered by BHT Procedure No. 13-OP-0501 (reference 5 ) . 
The following list relates full-scale accuracies of load applying 
devices : 
a. Hydraulic cylinder 
(friction, dimensions) 
b. Pressure gages 
(hysteresis, linearity) 
i1% Full Scale 
fl% Full Scale 
c. Digital printing system fO.S% Full Scale 
Total error at room temperature 
d. Human error reading 
Pressure gage 
fl% Full Scale 
Calibration RMS Error = 21.8% Full Scale 
When multiple gage parts are calibrated (rotor blades, etc.), all 
channels are monitored during load application in each direction # 
(beam and chord). These data provide cross talk information. If 
cross talk is greater than 25 percent of full scale, the regaging 
is generally performed to reduce cross talk. Data are available 
that can be used to correct cross talk if desired. Calibration 
documentation and records are in accordance with BET Procedure 
No. 13-0P-503 (reference 6). 
7.2.2 Position Transducers - Linear and Rotary. All position 
transducers are calibrated on the test vehicle after electrical 
displacemect has been optimized for maximum mechanical displace- 
ment by adjusting the amplifier gain. A clinometer and protrac- 
tor are used to calibrate rotary potentiometers, and a dial indi- 
cator and 12 inch scale are used for linear potentiometers and 
LVDT's. Transducer output is recorded at the output of the 
flight line tester in bit count. 
Calibration accuracies for position transducers are as follows: 
a. Clinometer fl rcinute = f0.009 percent (full scale = 180 
degrees ) 
b. Dial indicator f0.002 inch = f0.13 percent (full scale 
= 1.5 inches) 
c .  Human reading error = 20.5 percent 
Calibration TMS error = 0.50 percent clinometer - .  
= 0.52 percent dial indicator 
301-099-022C 
8 August 1980 
7.2.3 Accelerometers ind Gyros. All accelerometers shall be 
calibrated in the laboratory by the Standards and Calibration 
Group. An Unholtz-Dickie Model MA-351 accelerometer calibration 
system is used to obtain a calibration accuracy of f2 percent. 
Standard plots are aade to show frequency response characteris- 
tics at a known G-level. 
Rate gyros are calibrated on a turntable whose speed is known to 
within 20.1 percent of reading. Attitude gyros may be calibrated 
either in the laboratory or on the aircraft. Attitude gyros are 
calibrated on a tilt table whose accuracy is known to be within 
fl minute. 
7.2.4 Pressure Transducers. These transducers are calibrated by 
applying stimulus under laboratory conditions. Standard pressure 
is placed on transducers and millivolt output is recorded from a 
digital voltmeter. Data are tabalated through full scale range 
of the tra~sducer .
7.2.5 Thermocouples. All thermocouples are indicated on a digi- 
tal display designed and built by BHT. The total system error 
(reference junction, system noise, biIT circuitrW-) is i6OF. The 
wire is specified as (iron-constantan J type: (32' to 530°F) 
24OF, (530 to 1400 degrees) f3/4 percent of reading. Each roll 
is sampled by the Standards Laboratory and a correction is pub- 
lished to be applied to the data. Data going directly into the 
data syste~z will only have reference junction error associated 
with it, f2OT. 
7.2.6 Panel Instruments. These units are calibrated by applying 
stimulus under laboratory conditions. The criteri~n of using a 
standard 10 times more accurate than the test instrument is ap- 
plied. Data are tabulated as deviation from standard through 
full-scale range of the unit. Accuracy of applied stimulus is 
listed below: 
a. Airspeed f0.015 percent of reading 
b. Attitude f0.015 percent of reading 
c. Rate of climb fO.l percent of reading 
d. Tachometers fO.l percent of reading 
e. Fluid pressure 20.2 psi 
7.3 Calibration Intervals. Recommended calibration intervals 
for XV-15 research instrumentation are specified in BHT IOM 
- .  86:ASW:mc-3710 (reference 7). 
7.4 Calibration Sheets. Calibration of each sensor is docu- 
mented by a calibration data sheet. Figure 7-1 through 7-6 show 
301-099-022C 
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the calibration sheets for a l l  sensors associated with j-box N-1 
which is tP- example used i n  Section 5 .  A complete set of  c a l i -  
bration sheets for  a l l  sensors insta l led  i n  Aircraft N o .  1 is  
found i n  Volume 1 1  Calibration sheets for Aircraft No. 2 are 
found i n  Volume 111. 
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DEFINITIONS 
C a l i b r a t i o n  Sheet  - I d e n t i f i c a t i o n  of p r i n t o u t  a s  a  
c a l i b r a t i o n  s h e e t  
Lab Engineer: Whitener - The i n d i v i d u a l  r e spons ib le  f o r  
the  measurement d a t a  when t h e  p a r t  i s  i n , t a l l e d  on a i r c r a f t  
Data Analyst:  Nary Lou Wright - The i n d i v i d u a l  who checks 
d a t a  and p u t s  it i n  t h e  computer f o r  c a l i b r a t i o n  number 
Lab Technician: Anderson - The i n d i v i d u a l  who records  d a t a  
dur ing  c a l i b r a t i o n  
P r o j e c t :  301 F l i g h t  T e s t  - P r o j e c t  t h a t  w i l l  use t h e  p a r t  
Lab No.: 11349A01 - Number ass igned t o  t h i s  p a r t  when it 
is  s e n t  to  lab f o r  gaging and c a l i b r a t i o n  
11349 - N u m b e r  ass igned t o  p a r t  
A - Number of  times t h e  p a r t  has been calibrated ( A - l s t ,  
B-Znd, C-3rd, etc.) 
01 - I f  there is more than one (1) gage on t h e  p a r t ,  t h i s  
number i d e n t i f i e s  t h e  gage 
C a l .  Date: 1-16-78 - The d a t e  t h e  p a r t  w a s  c a l i b r a t e d  
S e r i a l  No.: None - This is BHT s e r i a l  number f o r  t h i s  p a r t  
( i f  s e r i a l i z e d )  
P/N: None - BHT p a r t  number f o r  this p a r t  
Item Code: F347 - This i s  i t e m  code number ass igned t o  
part, 'gage f o r  d a t a  a c q u i s i t i o n  
P a r t  Name: Rad End - General name f o r  p a r t  
Channel: 03 - Pos Axial  Loading - Channel n-xnber of t h e  
z a l i b r a t i o n  d a t a  system (pos a x i a l  loading - what tlpe load 
was a p p l i e d )  
C a l i b r a t e  Equivalent :  
l O O K  = 25159 Pounds - Cal s t e p  e q u i v a l e n t  (used on W-15) 
Unit Ca1 - 28536 Pounds/MT/V - Cal s t e p  e q u i v a l e n t  (used 
on BHT FM system) 
- .  
Figure  7-2. Nose gear  drag s t r u t  fo rce .  
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Cef i n i t i o n s  (Cont ' d .  1 
14. Bridge R e s . :  350.00 - Res i s t ance  o f  b r i d g e  
15. Gage Fac to r :  2.120 - Gage f a c t o r  f o r  t h i s  set o f  gages 
t aken  from spec  s h e e t  w i t h  gage package 
16,  Bridge Vo l t s :  6.00 - Actua l  v o l t a g e  a ~ 2 l i e d  to  gage d u r i n g  
c a l i b r a t i o n  
17. Pre .  C a l , :  5.29 - Mv o u t p u t  o b t a i n e d  by p l a c i n g  a l O O K  
r e s i s t o r  across t h e  CD l e g  o f  b r i d g e  b e f o r e  c a l i b r a t i o n  
load ing  beg ins  
18. P o s t  Cal. :  5.29 - Same as I t e m  17 e x c e p t  done a f t e r  com- 
p l e t i o n  o f  c a l i b r a t i o n  
19. J ack  Fac.: 0.0018 PSI/LB - The convers ion  f a c t o r  frcm p s i  
t o  l b s  f o r  t h e  p a r t i c u l a r  h y d r a u l i c  c y l i n d e r  u se  on t h e  
c a l i b r a t i o n  
20.  Lever Arm:  None - Dis tance  between p l a c e  where load  i s  
a p p l i e d  and gage l o c a t i o n  
21. Cal.  R e s . :  l O Q K  - The p r e c i s i o n  (1%) r e s i s t o r  t h a t  is  
p laced  a c r o s s  t h e  CD l e g  of t h e  b r i d g e  t o  q e t  c a l i b r a t i o n  
e q u i v a l e n t  
22 .  Loads-Stb-Ml- - Standard  l o a d  a p p l i e d  t o  par: be fo re  jack 
f a c t c r  c o r r e c t i o n  
23. Load-Pounds - Load a p p l i e d  t o  p a r t  a f t e r  jack f a c t o r  
c o r r e c t i c i .  
2 4 .  Output-MV - Output i n  Mv from gage 
25. 6 26. V a r i a t i o n  from Mean Line - These are how far o f f  t h e  
M i l l i v o l t s  Pounds b e s t  s t r a i g h t  l i n e  t h a t  
each o f  t h e s e  p o i n t s  f a l l  
o f f  i n  m i l l i v o l t s  and pounds 
27. Maximum C a l i b r a t i o n  Load: 8124 - Max loc-.  used i n  c a l i b r a -  
t i o n  of  t h e  p a r t  
28. BEC Program FCCR33 - Run Date: 02-03-7 - The BHT computer 
program number used f o r  t h i s  c a l i b r a t i o n  - .  
Figure  7-2. Nose gea r  d r a g  s t r u t  f o r c e .  
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SECTION 8.  SPECIAL CIRCUITS 
This sect ion describes the specia l  c i r c u i t s  developed fo r  the  
Active Network Panel (ANP). Active networK c i r c u i t s  a re  in- 
s t a l l e d  t o  provide spec ia l  processing f o r  transducer s ignals  
which a re  not  compatible with the  R?lDU and fo r  other spec ia l  pur- 
pose instrumentation requirements. 
8.1 Active Network Panel. The ac t ive  network panel is i n s t a l l e d  
on the inst-nunectation p a l l e t .  The $anel cantains 23 card s l o t s  
fcr special  Furpose c i r c u i t s .  Table 8-1 i d e n t i f i e s  the  spec ia l  
c i r c u i t  cards current ly  i n  use i n  the  ac t ive  network panel. 
8.2 Meaweax-to-P2ak Detector (Card Slo ts  9 apd 101. Card No. 
301ASW220-1 is a mean/peak-to-peak detectox card used t g  condi- 
t i o n  s ignals  fo r  the  c i i t i c a l  function monitors (Figures 1-8 and 
1-9) - The two research instrumentation char.els se lec ted  f o r  
cockpit display are blade beam bending a t  S ta t ion  52.5 (card s l o t  
9 )  and F/A hub flapping (card s lc t  10j .  Figure 6-1 shows an 
e l e c t r i c a l  schenatic of the  mean,/peak-to-peak detector  card No. 
301ASW220-1. 
8.2.1 Signal Flow. Figure 8-2 shows the s ignal  flow from the 
s t r a i n  ?age t o  the  c r i t i c a l  load meter display (blade be=. bend- 
ing) .  Figure 8-3 shows the  s ignal  flow from t h e  transducer t o  
the hub spring flapping indicator .  The s ignal  flows from trans- 
ducer t o  the program board where it is patched t o  the  correc t  PSF 
channel i n  the  RMDU. Tke RMDU places the  s ignal  i n  the  assigned 
location of the PCM format. A buffered output from the  PSF card 
is  brought back t o  the program board and patched i n t o  the  as- 
signed cara s l o t  i n  the  ac t ive  network panel. 
8.2.2 MeanDeak-to-Peak Card Setup. Card No. 301ASW220-1 con- 
t a i n s  a WEAN,'P-P switch, zero, and gain aejustments located as  
shown on Figure 8-4. The mean detector  c i r c u i t  contains zero and 
gain adjustments. The peak-to-peak detection c i r c u i t  is a simple 
r e c t i f i e r  c i r c u i t  with a gain adjustment only. These gain ad- 
justments allow various s ignal  input leve ls  t o  the  zonditioned 
fo r  compatibility with the  0-100 micro-amp meter used as  the  dis-  
play 
8.3 Digi tal  St-ck Posit ion (Card No. 11). The d i g i t a l  s t i c k  
~ o s i t i o n  control card located i n  card s l o t  11 of the act ive  net- 
- - -  - 
kork contains a l l  the ci rcui tcy  t o  dr ive the  control  posi- 
t i o n  indicator  display (Figure 1-12) as  w e l l  as gain and balance 
adjustments t o  s e s  up the  zero and 100 percent posi t ions fo r  each 
control.  Adjustment potent iomete~ locations a re  shown on - Figure - 
8-5 for  each of the four controi posi t ion displays.  
A schematic wiring diagram of the d i g i t a l  s t i c k  posit ion control  
card (card No. 11) i s  shown on BHT drawing Sm3-20-78-3 (Figure 
-:r '- :',;e,,,: -- 4 4  no l n l \  p*- -1 i t a , c l l  1: I-. r ~ l t r u l ~ r  'r- tpr ! , I .  
8-6). The drawing also shows the card electrical interface with 
the active network panel. Interface between the active network 
panel and control position indicator and position potentiometers 
is through plug on the instrumentation pallet (see Figure 
8-7). 
9.4 Temperature Scan Control (Card No. 12). The temperature 
scan control card contains the circuitry to produce a serial code 
which controls the three remote temperature scanner units. Dur- 
ing normal operation this serial code directs a given temperature 
scanner to read one of thirty thermocouple signals manually se- 
lected by a crew meniber at the temperature monitor (Figure 1-10). 
when thz prlse data is selected the scan mode of operation is 
automaticaily initiated and is terminated when prime data is 
turned off c r  at *e end of one complete scan cycle (thirty ther- 
mocouples). The control csrd also monitors the temperature ref- 
erence junctions, checks for the presence of a readable serial 
code, checks for proper POWei supply operation, and generates a 
fault signal if a system malfunction is detected. 
k schematic wiring diagrzm for the temperature scanning system 
control card is shown in SET drawing SKHD3-20-78-2 (Figure 8-8). 
The drawing also shows control card interface with the active 
network panel. Interface between the i;ctive network panel and 
the temperature monitor and remote switching units is through 
plug "EW on the instrumentation paliet (see Figure 8-7). Loca- 
tion of adjustment controls and test points is shown on Figure 
8-9. Set-up procedures for the temperature scanning system are 
covered in Section 9. 
8.5 Temperature Scanner ADC (Card No. 131. The temperature 
scanner 2.1-log-to-digital converter card contains the circuitry 
to convert the conditioned analog temperature signal to digital 
format for the temperature monitor cockpit display. The circuit 
card is illustrated in Figure 8-10. An electrical schematic for 
the card is shown on BET drawing SKHD3-20-78-2 (Figure 8-8). The 
card is installed in card slot No. 13 of the ANP. Interface be- 
tween the ANP and temperature monitor is through plug "EM on the 
instrumentation pallet (see Figure 8-7). 
8.6 Rotor Azimuth Circuit Card. The rotor azimu'h circuit card 
P / N  A141170D42 is a GFE circuit card installed in ANP card slots 
14 and 15. This circuit contains a buffer amplifier which pro- 
vides isolLm-ion for the rotor azimuth encoder circuitry. 
8.7 Temperature Scanner (Card No. 161. Temperature scanner card 
No. 16 provides signal conditioning for the temperature display. 
k schematic wiring diagram for circuit card No. 16 is shown on - 
BHT drawing SKHD3-20-78-2 (Figure 8-8). The drawing also -shows 
card interface with the active network panel. Location of con- 
trols and adjustments is shown on Figure 8-11. 
. . . ..' 
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8.8 Data Control Word (Card No. 171. A twelve-bit data control 
word 3s generated by card No. l? in the active network panel. 
The control word is located in the PCM kit stream directly after 
the subframe ID counter and contains information used both in 
data reduction and prflight checkout. Bits one through six are 
used to drive computer interrupts in the data reduction process. 
Bits seven through twelve can be monitored either during flight 
or preflight checkout in order to control system faults. 
8.8.1 Wirinq Diagram. A schematic wiring diagram of the data 
control word card No. 17 is shown in BHT drawing SKHD3-20-78-1 
(Figure 8-12). This drawing also shows the electrical interface 
between the card and the active network panel. Figure 8-13 shows 
the location of test points and adjustment potentiometers. 
8.8.2 Data Control Word Bit Designation. The data control word 
bit desianation is shown in Ficrure 8-14. The followina list de- 
scribes &e function of each bit of the contrcl word. a 
BIT #l ( R / B  AZIMUTH) - This bit goes high for at least one main- 
frame each time the R/Ei red blade passes the 0 degree position 
(red blade aft). The bit may stay high for more than one main- 
frame. 
BIT #2 (L/H AZIMUTH) - This bit goes high for at least one main- 
fraine each time the L/H red blade passes the 0 degree position 
(red biade aft). The bit may stay high for more than one main- 
frame. 
BIT #3 (FAULT LIGET) - This bit goes high whenever the fault 
light on the instrumentation control panel comes on and stays on 
until the copilot resets the fault light by pressing the reset 
button on the control panel. The fault light is turned on by 
either a bridge voltage error, a loss of either rotor azimuth, 
the loss of either PCM bit stream or a fault detected by the tape 
deck internal fault logic. 
BIT #4 (R-CAL) - This bit goes high one quarter second after the 
A-CAL button is pushed and goes low immediately when the button 
is released. The one quarter second delay is to allow the data 
to settle before signalling the computer to read the R-Cal 
values. 
BIT #5  (PRIME DATA) - This bit is high during prime data and low 
during non-prime data. 
BIT #6 (DATA) - This bit is low during prime data and high during 
ncn-prime data. 
- .  
BIT #7 (TAPE LOW) - This bit goes high when the tape low light on 
the instrumentation control panel comes on. This occurs approxi- 
mately five minutes before the end of the tape. 
301-099-022C 
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BIT #8 (NO TAPE MOTION) - This b i t  goes high when the tape deck 
is stopped. 
BIT #9 (EXCITATION FAULT) - This b i t  goes high when the  bridge 
voltage goes lower than 5 . 7 ~  or  higher than 6 . 3 ~  a t  the  power 
supply. A f a u l t  detected by t h i s  c i r c u i t  w i l l  a l so  tu rn  on the  
f a u l t  l i g h t  and the  f a u l t  b i t  ( t 3 ) .  The exc i t a t ion  f a u l t  b i t  
goes low when the  f a u l t  i s  cleared. I t  does not s t ay  high u n t i l  
t he  f a u l t  l i g h t  is reset. 
BIT #10 (IDENTIFICATION BIT) - This bit, is low f o r  RMDU ItA" and 
high f o r  RMDU "B." 
BIT # l l  (AZIMUTH FAULT) - This b i t  goes high when e i t h e r  azimuth 
c i r c u i t  goes more than one second without producing an azimuth 
pulse. A f a u l t  detected by t h i s  c i r c u i t  w i l l  normally tu rn  on 
the  f a u l t  l i g h t  and the  f a u l t  b i t  (#3) ,  but  a switch is  provided 
on card No. 17 of the  ac t ive  network panel t o  d isable  t h i s  l i n k  
f o r  ground checkout and ground run, where data  is often taken 
without the  ro to r s  turning. This b i t  i s  only high when a f a u l t  
e x i s t s ;  it does not  s t a y  high u n t i l  t he  f a u l t  l i g h t  is rese t .  
BIT Y12 (TAPE DECK FAULT) - This b i t  goes hi! when the  tape 
f a u l t  :ogic i n  the  Astro Science tape deck sig: .s a f a u l t .  A 
tape deck f a u l t  a l so  turns on the  f a u l t  l i g h t  a~ . the  f a u l t  b i t  
(#3) .  This b i t  is  high only when a tape f a u l t  is jignaled. 
8.9 Ste  er Posit ion Interface (Card No. 181. The stepper posi- 
t i o n  --r- i n t e r  ace card, PA4 A14117-C24. is a GFE card which ~ r o v i d e s  
s ignal  d i s t r ibu t ion-  f& the  scannivalve encoder function.- Figure 
8-15 shows the  locat ion of t e s t  points  provided on the  stepper 
posi t ion in ter face  card. 
8.10 Fuel Quantity Jumper (Card No. 19 and 20 2. Tt.e fuel  quan- 
t i t y  jumper cards (P/N 301ASW19 and 301ASWZO) provide s ignal  dis-  
t r i b u t i o n  fo r  the  l e f t  and r i g h t  fue l  quantity meascrernent chan- 
ne ls .  These cards a re  i n s t a l l e d  i n  ANP card s l o t s  19 and 20.  
Figure 8-16 shows the locat ion of t e s t  points  provided on the 
fue l  quantity jumper card. 
8.11 Record Number Jumper (Card No. 21 and 221. The record 
number :urnper cards (P/N 301ASW21 and 301ASW22) provide s i m a l  
d i s t r ibu t ion  fo r  the record number function. These c i r c u i t  cards 
a re  ins t a l l ed  i n  ANP card s l o t s  21 and 22. Figure 8-17 shows the 
locat ion of t e s t  points  provided on the record number jumper 
card.  
8.12 Tape Speed Control (Card No. 231. The tape speed control 
card ( P / N  A14117-D17) is  a CFE c i r c u i t  card i n s t a l l e d  i n  ANP card 
s l o t  No. 2 3 .  This card provides the tape t ransport  speed control 
function. Figure 8-18 shows location of adjustments, cont ro ls ,  
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Figure 8 -1 .  Mean/peak-to-peak detector card 
(ANP card s l o t s  9 and 10) 
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Figure 8 - 2 .  Flow diagram f o r  c r i t i c a l  l o a d  meter d i s p l a y  
(RT (red) rotor b l a d e  beam bend Sta 5 2 . 5 )  
+ b 
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F i g u r e  8 - 3 .  F l o w  diagram f o r  hub s p r i n g  
f l a p p i n g  i n d i c a t o r  
. . *. 8 August 1980 




Figure 8 - 4 .  Mean/peak-to-peak d e t e c t o r  card  
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DIGITAL STlCK POS CARD 
Figure 8 - 5 .  D ig i ta l  stick posi t ion card 
(ANP card slot 11) 
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1 1  








FiA STICK POSITION BALANCE POTENTIOMETER 
FIA STlCK POSITION GAlN POTENTIOMETER 
LAT STICK POSITION BALANCE POTENTIOMETER 









COCL STICK POSITION BALANCE POTENTIOMETER 
COLL STlCK POSITION GAlN POTENTIOMETER 
a RUDDER PEDAL POSITION BALANCE POTENTIOMETER 
RUDDER PEDAL POSITION GAIN POTENTIOMETER 
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hub PED 1's 
POW&R LEVER 10's 
P3WLR LEVER 1 ' s  




SEWZNT 'e " 
SECKENT . f "  
SEGMENT "g" 
F/A CYCLIC POT WIPER 
LAT CYCLIC POT WSPER 
RUD PEL? POT WIPER 
POWER LEVER POT WIPER 
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BLACK TEST POiNT 
GRAY lEXT SYNC) 
L'GHT BLUE (UPPER SCOPE BEAM) I REF SECTION 9 TEMP SCANNING 
SYSTEM SETUP) 
BLUE (LOWE3 SCOPE BEAM) I 
Figure 8 - 9 .  Temperature scanner c o n t r o l  card 
(ANP card s l o t  12) 
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ANALOG TC C'CllTAL CONVERTER 
Figure 8 - 1 0 .  Temperature scanner ADC 
(ANP card s l o t  1 3 )  
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BIT PATTERN LENGTH POTENTIOMETER 
AZIUbTH FAUL I SWITCH 
REF (R-CALI - DATA W I T C H  
8 
AZIMUTH SIMULATOR PUSH BUlTON SWITCH 
- 




Figure 8-11. Temperature scanner card 
(ANP card slot 16) 
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CIRCUlT COU 9 C 
I C 6 VDC TO PIN NO. 14 , E 
O f  IC1.  tc2 b tc3 I - --B - 
SYSTEM POWE1 
Use or drsclas~rrr ot oltr on t h ~ r  pdar 15 w h ~ n t  to the rutrrttnt. ~n the trtlr Mqr 
+a VDC ICI 
t2 -.110 
Figure 8-12. Data control  card w i r i n g  (ANP card s lo t  17) 
( ,ieet 2 of 7) 
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ORANGE TEST POINT 
f--- GAlN 2 POTENTIOMETER 
CI-- BALANCE 2 P@T ENTIOMETER 
- BAUNCE 1 POTENTIOMETER 
Figure 8-13. Data control word card 
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0-. BLACK TEST #)INf 
- 8 R W N  TEST POINT 
C---..-- RED TESTPOINT 
CI-- ORANGE TEW W I N 7  
- YELLOW TEST W I N t  
C---- GREEN TEST POINT 
- 8LUE TESr #)IN7 
- PURPLE TES? POINT 
- GRAVTESf  W I N T  
*-- w n l t E  TEST POINT 
O-, BLACK TEST POlhT 
0-. BROWN TEST W l Y T  
- RED TEST COtNT 









Figure 8 - 1 5 .  Scannivalve s tepper  ; - i t l o n  interface card 
(ANP card slot 18) 
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- BLACK TEST POINT 
- BROWN TFST POINT 
- RED TESt POINT 
- ORANGE TEST POINT 
- YELLOW TEST POINT 
- GREEN TEST POINT 
- BLLiE TES7 W I N 7  
PURPLE TEST POINT 
- GRAY TEST W l N T  
CI--- WnlTE TEST POIST 
- 8LACK TEST POINT 
0 .  OROWN TEST POINT 
- RED TESt POINT 
COMM 
SP4RE 
BIT 1 1159: 
BIT 2 
BIT 3 
BIT 4 . 





I l t  10 
BIT 11 
B r t  12 : . r ~ e !  
Figure 8-16. Fuel  quantity jumper card 
(ANP card s lo t s  19 and 20) 
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RECORD NUMBER JUMPER CARD 
CARD 
SL9T 
BLACK TEST POlNT 
BROWN TEST POlNT 
RED TEST POlNT 
ORANGE TEST POINT 
YELLOW TEST POINT 
GREEN TFSr POINT 
BLUE TEST POINT 
FURPLE TEST POINT 
GRAY TEST POlNT 
WHITE TEST POlNT 
BLACK TEST POlNT 
BROWN 1 EST COlW 
RED TEST POlNT 




Figure 8-17. Record number jumper card 
(ANP card s lots  21 and 2 2 )  
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CAR0 
SLOT 
1 1  a .  TAP€ REMAINING ADJUSTMENT POTENTIOMEIER 
TAPE REMAINING LIGHT 
Figure 8 - 1 3 .  Tape speed cont ro l  card 
(ANP card slot 23) 
301-099-022C 
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SECTION 9. OPERATING TECHNIQUES AND CHECKOUT PROCEDURES 
This section establishes the techniques and procedures to be used 
for operation and checkout of the XV-15 research instrumentation 
system. These procedures include system power and control check- 
out, sensor setup, and preflight checkout of the research instru- 
mentation system. 
9.1 System Power and Control Checkout. The sample check list 
shown o e  performing the following 
checks. 
9.1.1 Initial Power Application. After instrumentation pallet 
installation, all power, control, and signal cables shall be con- 
nected and power applied to the system. For initial power appli- 
cations, all circuit breakers should be open and power control 
switches placed in the OFF position. 
a. Energize the aircraft 28 Vdc bus No. 2 and close the 
two 50-amp instrumentation circuit breakers located in 
the aircraft's master power distribution box. Position 
the power switch on the control monitor (Figure 1-7) to 
the PWR ON position. This will supply 28 Vdc power to 
plugs ItCM and 'IFN on the instrumentation pallet and 28 
Vds input power to the 115 Vac 400 Hz static inverter. 
b. Check for correct 28 Vdc power distribution to the sta- 
tic inverter by measuring the voltage at the inverter 
connector. See Figure 4-1 for connector pin numbers. 
c. Check for correct 115 Vac, 400 Hz power distribution to 
the instrumentation pallet by measuring the voltage at 
plug "C. I# Check for correct 28 Vdc ~ ~ w e r  distribution 
to the instrumentation pallet by rneasurlng the voltage 
at plugs "Ctt and 'IF. It See Figur2 4-1 for connector pin 
numbers. 
d. Energize research instrumentation equipment indivi- 
dually by closing the associated circuit breaker lo- 
cated on the instrumentation pailet circuit breaker 
panel (see Figure 4-3). 
9.1.2 Control Function Checkout. When input power bas been 
determined to be correct, close all circuit breakers. Load a 
reel of tape on the tape transport and check the following con- 
trol functions. 
a. Tape start - stop - the tape start-stop switch- on the- 
control monitor will be turned on and off while watch- 
ing the tape deck to see if it starts and stops cor- 
rectly. 
Bell ~ u c o @ t a r ~  301-099-022C 
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b. Tape motion l i g h t  - while the tape s t a r t - s top  switch is 
i n  the  s t a r t  pos i t ion  and the  tape deck is  running, 
observe the  tape motion l i g h t  t o  ensure t h a t  it i s  on. 
c. P r i m e  da ta  l i g h t  - with the  tape running, push the  pi-  
l o t ' s  s t i c k  prime da ta  t r i g g e r  and see  i f  the  prime 
data  l i g h t  comes on, push the  p i l o t ' s  s t i c k  t r i g g e r  
again t o  ensure it goes o f f .  Repeat t h i s  procedure 
wit!! c o p i l o t ' s  s t i c k  prime data  t r i g g e r  and data pack- 
age t r i g g e r  t o  ensure t h a t  these t r i g g e r s  perform cor- 
r e c t l y .  
d. Faul t  l i g h t  - momentarily shor t  ou t  t he  bridge voltage 
and check t h a t  the f a u l t  l i g h t  comes on. 
e .  Faul t  reset switch - push i n  the  f a u l t  reset switch t o  
see  i f  t h e  f a u l t  l i g h t  goes out .  
f .  Tape remaining l i g h t  - run the tape deck t o  the  poin t  
t h a t  approximately 5 minutes of tape remains and check 
t h a t  t he  tape  remaining l i g h t  comes on. 
g. Record nwber  update - push the  p i l o t  and cop i lo t  prime 
da ta  s t i c k  t r i g g e r s  on and o f f .  Observe t h a t  the  re- 
cord number updates each time prime da ta  is turned o f f .  
Check t o  ensure t h a t  the  control  monitor and the  t i m e  
code gecerator display the  same record number. 
h. Check p i l o t ' s  t i m e  code display t o  ensure t h a t  it is 
functioning properly and t h a t  both display and t i m e  
code generator show the  same t i m e .  
9 .2  Sensor Setup. A sensor setup cocf igurat ion s h a l l  be deter-  
mined f o r  the  PCM format. A sample PCM system sensor setup form 
is  given i n  Table 9-11. Table 9-111 (RMDU A )  and 9- IV  (RMDU B )  
show a sample PCM format loca t ion  and gain f o r  each sensor item 
code (see PCM setup shee ts  f o r  l a t e s t  configurat ion) .  When a 
f i n a l  setup configuration has been determined, t he  program board 
w i l l  be patched i n  and its checkout w i l l  run concurrently with 
the  checkout of t he  data  channels. Any incor rec t  patches w i l l  be 
revealed and corrected during t h i s  checkout phase. The sensor 
se-up shee t  (Table 9-11) can be used as  the  sensor pass / f a i l  
checkout sheet .  When a l l  channel.: have been checked t o  ensure 
t h a t  a da ta  channel is i n  each *ocation a s  designated by the  
setup shee t ,  tests w i l l  be performed t o  pos i t ive ly  iden t i fy  and 
e s t a b l i s h  s ign conventions fo r  each channel. 
9 .2 .1  Pos i t ive  Iden t i f i ca t ion .  Pos i t ive  iden t i f i ca t ion  of a 
channel i s  a means of ensuring t h a t  the  designated parameter 
shown on the setup sheet  is t r u l y  i n  t h a t  pos i t ion  i n  the data  
system. By using the  f l i g h t  l i n e  t e s t e r ,  each data channel car! 
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be dialed up and monitored while it is being checked. The fol- 
lowing means of positive identifi-ation may be used for positive 
Identification of each type of sensor: 
a. Accelerometers - with the accelerometer unbolted, it is 
given a "2.g" turnover (turning it 180 degrees on its 
active axis). This gives 2 g t s  worth of sensor output 
at the monitor. 
b. Strain gages - usisg a lOOK probe as a simulated load, 
probe across one leg of the bridge at the terminal 
board for the particular channel. This will give an 
output at the monitoring equipment. 
c. Position potentiometers - with the wiper arm free to 
move, rotate the wiper arm which produces a simulated 
motion of the part under consideration which produces 
an output at the monitoring equipment. 
d. Pressure - pressure is applied to the open port of the 
sensor and this load produces output at the monitoring 
equipment. 
e. Gyros - with the gyro base free to r~tate, the gyro is 
rotated in the desired axis and this simulated aircraft 
motivn produces output at the monitoring equipment. 
f. Temperature - with the temperature scanner set to the 
desired location, the thermocouple is heated with some 
heat source (soldering iron, heat gun, etc.) and the 
output is monitored. 
g. Rotor azimth - output of the encoder (l/rev or 512/ 
rev) is monitored on the oscilloscope ~hile the rotor 
is being rotated. 
9.2.2 Slgn Convention After all channels have been properly 
identified using the procedure of 9.2.1, any discrepancies such 
as faulty wiring or incorrect patching shall be corrected. Chan- 
nel sign conventions wiil then be checked using the procedure of 
dialing up each individual channel with the flight line tester 
and monitoring the electrical output siqnal for a given mechani- 
c3l input load. To minimize confusion, all sign conventions will 
be taken with the aircraft in helicopter mode. For conversion 
and airplane mode operation, all sign conventions will be with 
reference to the helicopter mode. Table 9-V is a list of stand- 
ard sign conventio~s which will be used except as otherv~ise noted 
on the aircraft setup sheet. General rules for sign convention - .  
are as follows: 
lell Helicopter 
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Trace moves upscale when: 
a.  Tension loads increase 
b. Motions occur to right, forward or up 
c Temperatures, pressures, flows, etc. increase 
d. For stress bridges, tension occurs in CD leg of Fcidge 
e. Displacement or velocity at a transducer is forward, 
right or up 
f. For unoriented bending bridges, tension occurs in the 
CD leg of bridge 
9.2.3 Noise Level. Noise level for each channel should not ex- 
ceed k20 counts (f2 percent of full scale) on the flight line 
tester. 
9.3 Temperature Scanning System Setup Procedure. A flow diagram 
for the temDerature scannina system is shown in Section 4. Sche- 
- - 
matic diagFams of system components are contained in Volume IV. 
The thermocouple scanning system is set up using the setup sheets 
shown in Table 9-VI and the following procedures. 
9.3.1 Control Signal Checkout. The following procedure shall be 
used to test the random access thermocouple channel selection 
function. 
a. Using a dual beam oscilloscope, connect the upper beam 
to blue terminal No. 1 of Card No. 12, logic card in 
the active network panel. Ccnnect the lower beam to 
blue terminal No. 2, common to the black terminal, and 
Ext Sync to the gray terminal of the same card (see 
Figure 8-9). A pattern six bits l'ong should be pres- 
ent. The pattern will be centered about common on both 
traces and the lower beam will be the exact inverse of 
the upper beam. Set the potentiometer on card No. 16 
for a bit pattern 20 msec in length from first bit to 
first bit. 
b. With the instrumentation system in the non-prime data 
mode, select channels 100 through 129 on the control,,' 
display panel. Check the scope as each number is 
dialed to see that the six bit code corresponds to the 
number dialed in binary coded decimal (BCD). 
9.3.2 Reference Junction Monitors. Set the adjustme:.t potentio- 
meter located In the rear of the remote temperature scanner loglc 
box ( P / N  SKASW-5479-1) to the full counterclockwise positlon. If 
the thermocouple referencr. junctions have not had 20 mlnutes to 
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reach opera t ing  temperatures,  al low s u f f i c i e n t  time f o r  them t o  
hea t .  The f a u l t  l i g h t  on the c o n t r o l  monitor should now be o f f .  
S t a r t i n g  with any remote swi tching u n i t ,  t u r n  t h e  potentiometer  
clockwise u n t i l  t h e  f a u l t  l i g h t  comes on, then  back counterclock- 
wise 1/2  t u r n .  Repeat t h i s  procedure f o r  each remote temperature 
scanner l o g i c  box. 
9.3.3 Temperature Monitor. The fol lowing procedure s h a l l  be 
used t o  c a l i b r a t e  t h e  temperat*-ire monitor (Figure  1 -10 ) .  
a .  Select c h a m e l  000 on the temperature monitor.  Connect 
a s h o r t  p iece  o f  wire between the orange and r ed  test 
t e rmina l s  o f  c a rd  No. 17 (Figure  8-13) i n  t h e  a c t i v e  
network panel .  Adjust  BAL 1 o f  t h e  same card  f o r  a 
reading o f  212OF on the temperature monitor.  
b. Replace the jumper w i r e  between t h e  orange and r e d  test 
t e rmina l s  wi th  a 17.9 mv vo l tage  source.  Adjus t  GAIN 1 
u n t i l  the temperature monitor reads  1000°F. 
c. S e l e c t  channel 005 on the temperature monitor.  Replace 
the s h o r t i n g  w i r e  between t h e  orange and r ed  test  ter- 
minals .  Adjust  BAL 2 f o r  an ou tpu t  of 212OF. 
d. Replace the jumper wire between t h e  orange and r ed  ter- 
minals w i t h  a -6.16 mv vo l tage  soarce .  Adjust  GAIN 2 
f o r  an ou tpu t  o f  O°F. 
e .  Repeat t h e  adjustments of BAL 1, GAIN 1 and BAL 2 ,  GAIN 
2 a s  necessary u n t i l  both  vo l t age  s e t t i n g s  produce the 
proper  o u t p ~ ~ t  without  f u r t h e r  adjustments .  
9.4 Control Pos i t i on  Ind ica to r .  The followinr; procedure s h a l l  
be used t o  c a l i b r a t e  t h e  d i q i t a l  con t ro l  ~ o s i t i - : n  i n d i c a t o r  (Fig-  
u r e  1-12).  
a .  Adjust  each s t i c k  p o s i t i o n  t ransducer  ( l i n e a r  o r  r o t a r y  
potent iometers)  s o  t h a t  i t s  cen t e r  of  t r a v e l  cor res -  
ponds approximately wi th  t h e  cen t e r  of t r a v e l  of  i t s  
r e spec t i ve  c o n t r o l  s t i c k  o r  pedal .  
b .  Connect ex t e rna l  hydrau l i c  power t o  the sh ip  and de t e r -  
mine t he  f u l l  throw p o s i t  ons of each c o n t r o l .  
c .  Place  t h e  l a t e r a l  c y c l i c  s t i c k  i n  t h e  f u l l  l e f t  poei-  
t i o n .  
d .  Locdte the adjustment potent iometers  v i s i b l e  on the 
f r o n t  of ANP card  No. 11. Gaix: and balance contro ls -  
a r e  provided f o r  each con t ro l  p o s i t i o n  funct ion (see 
Flgure 8 - 5 ) .  
e. Adjust the LAT BAL control to the point where the lat- 
eral position indicator switches from N1w to 
f .  Place the lateral cyclic stick in the full right posi- 
tion. 
g. Adjust the LAT GAIN control to the point where the lat- 
eral position indicator switches from 1196" to I199.lt 
h. Go back and forth between 0 and 99 percent, adjusting 
both balance and gain controls until both zero and 99 
percent positions are correctly indicated. 
i. Repeat steps 4 through 8 for the other position indica- 
tors. 
9.5 Scannivalve Setup. Schematic and flow diagrams for the 
pressure scanning systenr are shown in Section 4. Chrckc.*t of 
scannivalve data channels is accomplished with the flight line 
tester using the following procedures. 
a. The flight line tester shall be dialed to the itern code 
arld channel >umber that the scannivalve setup sheet 
(Table 9-VII ) calls out for the scannivalve port un& i 
test. 
b. Set the control switch on the scannivalve control box 
to the "home disable" position. 
c. Using the scannivalve setup sheet (Table 9-VII ) , check 
port No. 1 for positive identification and sign con,-en- 
tion to ensure that the system is working. This can be 
done by applying test pressure to port No. 1 using a 
piece of tubing and a low pressure source (mouth, pres- 
sure bulb, et~.). 
d. When assured that the dara channel for port No. 1 js 
functional, step through each of "he remaining ports 
and check them for positive idzntification and sign 
convention by applying pressure to each port. 
e. When the manual sequence has been checked, put the con- 
trol switcn on the scannivaive control box to "AUTOf1 
and push the prime data trigger switch on the pii,tfs 
cower lever. This should step the scannivalwe at a 
t/sec rate [driven by the scannivalve control card 
( SVD) in RMTU A] . 
f. When assured that both tlMANIiALu and "AUTO" modes of the 
scannivalve circuitry correctly, and checkout of 
the scannivalve system is complete. 
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6 Sha f t  Encoder Setup and Checkout. The r o t o r  azimuth s h a f t  
encoder w i l l  be s t t  up wi th  the a i r c r a f t  i n  hel icopt .er  mode. 
9.6.1 Right Rotor.  The s h a f t  encoder f o r  t h e  r i ~ h t  r o t o r  a z i -  
muth s h a l l  be s e t  up for  c o r r e c t  pos i t i on ing  us ing t h e  fol lowing 
procedure. 
a .  Rot-ate t h e  right-hand r o t o r  s o  t h a t  t h e  t i p  of  t h e  red 
b lade  i s  po in t i ng  d i r e c t l y  a f t .  
b .  Loo: ?n t h e  hold-down screws t h a t  f a s t e n  t h e  s h c f t  en- 
coder t o  t h e  right-hand r o t o r .  
c. With an osc i l loscope  connected t o  the outpu t  of  the 
encoder,  r o t a t e  t h e  ca se  of  t h e  encoder . ,*ti1 t-le index 
pu l s e  occurs.  
d .  Tighten the hold-down screws and r o t a t e  t h e  r o t o r  t o  
ensure t h a t  t h e  index pu l s e  occurs when t h e  red  b lade  
i s  d i r e c t l y  a f t .  
9 . 7  P r e f l i g h t  Checks. Pref  i . ~ g h t  checkout procedures f o r  t h e  
:?I-15 resea rch  ins t rumenta t ion  system a r e  given i n  Table 9-VIII.  
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TABLE 9-11. XV-15 PCM TAPE DATA SYSTEM SETUP 
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TABLE 9-11. XV-15 PCM TAPE DATA SYSTEM SETUP (CONTINUED) 
Prog. No. - Program number assigned t o  the  program t h a t  is 
current ly being run on the  ship.  This number i s  assigned by 
G. Carter and can remain the  same o r  can be changed f o r  d i f -  
fe rent  phases of the program [ i . e . ,  one (1) fo r  ground run 
and one (1) fo r  f l i g h t ] .  
Model - Model - ~ m b e r  of the  a i r c r a f t ,  i n  t h i s  case Model 301 
(XV-15 could be used). 
S I N  - Ser ia l  number of a i r c r a f t  ( e i t h e r  Ship #1 o r  Ship # 2 ) .  
Date - Date of the  l a s t  change made t o  t h i s  setup sheet.  
1st Flt/Gr - The number of the  1st fl!ght/ground run a f t e r  
the l a s t  change made t o  tnis setup sheet.  
1st Rec. No. - 1st record number taken a f t e r  the  l a s t  change 
made t o  t h i s  setup sheet. 
Track - The number of the  t rack  on the  tape deck which t h i s  
setup sheet  is being recorded. 
RMDU - The RMDU b i t  stream which t h i s  setup sheet  covers 
( "A" o r  "B" ) . 
Data Ccrd. - The name of the data  coordinator (responsible 
rerson from Data Reduction Group) assigned t o  t h i s  program. 
Engr. - The name of the  Instrumentation eilgineer assigned t o  
t h i s  program. 
Tech. - The name of the  Instrumentation technician assigned 
t o  t h i s  pragram. 
Prog. - The t i t l e  assigned t o  the phase of the  program being 
conducted a t  the  present time (ground run, hover perform- 
ance, f l i g h t  t e s t ,  e t c . ) .  
EWA - The Engineering Work Authorization number assigned t o  
this program (A427, A439, e t c . ) .  
DLN - The Daily Lakor N*unber assigned t o  t h i s  phase of the 
program (67646, - Ship #2 Fli93t t e s t ) .  
W/O - The Wo~k Order number assigned r.0 t h i s  phase of - the 
program (A4' -.7, e t c . ) .  
301-099-022C 
8 August 1980 
TABLE 9-11. XV-15 PCM TAPE DATA SYSTEM SETUP (CONTINUED) 
16. Frame Locatian - The frame loca t ion  (word loca t ion)  of a 
given parameter i n  the  b i t  stream. 
17. MF - The mainframe word loca t ion  i n  t h e  b i t  stream (1 - Word 
#1, 28 - Word #28, etc.) .  
18. SF - The depth of the  subframe (1 - 1 deep, 2 - 2 deep, and 
8 - 8 deep). 
19. Pos. - The pos i t ion  i n  the  subframe of a given parameter 
i7-1-1 Mainframe word (100 Hz)] 
[52-2-2 Mainframe word 52, second subframe word (50 H z ) ]  
[80-8-5 Mainframe word 80, f i f t h  subframe word (12 Hz)] 
20. Item Code - A number assigned t o  a given measurement parame- 
t e r  f o r  i den t i f i ca t ion  purposes. 
21 .  Item - The name of the  measurement parameter (beam bending). 
22. Loc. - The loca t ion  of the  transducer ( r i g h t  ro to r  b lade) .  
23. Sta. - The s t a t i o n  on the  p a r t  where the  s t r a i n  gage is lo- 
cated (blade Sta .  52.5).  
24. B r .  No. - The bridge number spec i f ied  i n  the  Laboratory Work 
Sheet. Bridge numbers a re  assigned t o  each bridge on the  
p a r t  s t  the  t i m e  t he  p a r t  is gaged. 
25. Lab. No. - The number assigned t o  a p a r t  by the Ta~strumenta- 
t i o n  Laboratory a t  t he  t i m e  of gaging. 
26. PAF Cs/Chan - These a r e  channels which go i n t o  a p r e - ~ n p l i -  
f - e r  f i l t e r  box. TPe upper n-rllber i s  card s l o t  locat ion i n  
the  box, the  lower nuinber is the channel number on t h a t  
card: 1/1 Card S l o t  #l/Channel #l. 
Note: In cases where there  is no number i n  this column, 
the  chamel  does not  go through a PSF card,  bu t  d i r e c t l y  
i n t o  the  RMDU and i n t o  a AMX o r  DMX card. 
27. RMDU CS/Chan - The RMDU AMX designations f o r  each parameter. 
The upper number is  the  card s l o t  locat ion i n  the  box and 
the l ~ w e r  number i s  the  channel number on t h a t  card: 10/20 
Card S l o t  #lO/Channel #20. 
28 .  Cable No. - The J-box channel number t h a t  t h i s  parameter i s -  
brought i n t o  the data system on (RR-lB, LW-1?l, c t c . ) .  
mi m i c u p t e r m  
. . 
. . .  ..* - - 
301-099-022C 
8 August 1980 
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TABLE 9-11. XV-15 PCM TAPE DATA SYSTEM SETUP (CONCLUDED) 
29. PSF Gain - The gain s e t  up fo r  each channel i n  the PAF boxes 
( a l l  channels a re  factory set a t  a gain of 256) .  
30. GPA Gain - The gain of the gain programmable amplifier f o r  
each parameter. 
31. Cal. Res. - The value of the  ca l ib ra t ion  r e s i s t o r  f o r  each 
parameter (115KR o r  500KR). 
Note: In  cases where no value appears i n  t h i s  locat ion,  
indicate  t h a t  the channel is  a AMX o r  DMX c h a ~ e l  and does 
not  use a ca l ib ra t ion  r e s i s t o r .  
32. The ca l ib ra t ion  equivalent taken from the  ca l ib ra t ion  sheets 
[ factored t o  f i t  115m ca l ib ra t ion  r e s i s t o r  (ca l ibra t ion  
sheet  shows 100!W = XXX i n  engineering un i t s ,  e t c . ) ,  and t o  
allow f o r  voltaqe drop from R-Cal point  t o  actual  bridge 
exci ta t ion  voltage, and indivia-la1 channel s e n s i t i v i t y ] .  
C.E. = 115 K Q Cal = Slope x A counts 
A counts = R-Cal Counts - Reference Counts 
- U . C .  5 1 2 0 , 1  X -  1 
'lope - B.V. 1024 256 GPA GAIN 
where : 
U.C.  = Unity Cal from Calibration Sheet 
B.V. = Bridge Voltage a t  Bridge 
5120 
- =  
Ingut MV 
1024 Output Counts 
1 
- =  
1 
256 PSF Card Gain 
3 3 .  Ref. Value - The reference value designated by p re f l igh t  
( reference)  conditions (F/A cyc l ic  s t i c k  + SO%, F'A p i l o t ' s  
s e a t  accel + 0 g l s ,  pylon pos + 95O, etc.). 
34. Units - The engineering un i t s  t h a t  the $a r t s  were cal ibrated 
i n  ( in- lbs ,  l b s ,  g l s ,  p s i ,  e t c . ) .  
3 5 .  Remarks - A column fo r  any special  comments +hat w i l k  c la r -  - 
iP1  each parameter. 
OF POOR QilALlr( 
mWk0pt.r~ 
301-099-022C 
:-. r ,  - ;.-e..,o-,r, 8 August 1980 
TABLE 9-111. SAMPLE FORMAT RMDU A 
NOTE: All PSF gain is 2 5 6 .  
uw or dtsc~lsure of dl14 on tn~s p q t  , I  
SuDltcl la m r  rr,trlclcon wl Inr tlllr p19( 
CRlGlNAL PAGE 1s 
TABLE 9-111. (CONTINUED) 
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602-1 j 5628 ' 4 
4 
A020 I 4 
S609 j 4 
I 
! 
1 5610 j 2 
602-2 S629 2 I 
1 C 
~ ~ i ~ i r i $ ;  7k';Z TS 
OF POOR QUALITY. 301-099-022C 
k(l Il.(lcopter- 8 August 1980 
3. sc- :, '.c 3- PC 
TABLE 9-11 I. (CONTINUED) 
NOTE; All PSF gain is 256. 
301-099-022C 
8 August 1980 
TABLE 9-111. (CONCLUDED) 
NOTE: All PSF gain is 256. 
Usr or d~scbsurr M b(tr sn th~s plot ( I  
SubtKl lo the rrStr~clW On Inr tttlr 
W Helicopter- 
301-099-022C 
8 August 1980 
TABLE 9 - I V .  SAMPLE FORMAT RMC J B 
NOTE: Aii PSF gain is 256. 
ORIGINAL PAGE IS 
OF ROOR QUALITY 301-099-C22C W W k o p t e r m  
3\,sw 01 'em,!*? tm, 
8 August 1980 
- 
TABLE 9-IV . (CONTINUED) 
N3TE: Ail PSF ga in  is 256. 
9-18 
3EIGINAL PAGE IS 
88I I k l k o g t e t m : '  ;)F POOR QUALITY 301-099-022C 
c . , ... 1 -. ..., n -, 
8 August 1980 
NOTE: All PSF gain is 2 5 6 .  
(-JR;S~N>L PAGE IS 
vr; P ~ C W  QilALIW 
kl Iklcopter- 301-099-022C 
. r ,i' ,I .c.'.,. n< 
8 August 1980 
TABLE 9-IV . (CONCLUDED) 
NOTE: A l l  PSF g a i : ~  is 256. 
, 
LOCATION 
8 2 8 - 4  
8 2 8 - 5  
8 2 8 - 6  
8 2 8 - 7  
8 2 8 - 8  
8 3 8 - 1  
8 3 8 - 2  
8 3 8 - 3  
8 3 8 - 4  
8 3 8 - 5  
8 3 a - 6  
8 3 8 - 7  




D l 5 8  
Dl59 
D l 6 1  
E 7 3 0  




T 7 2 5  
E 7 3 1  























,TABLE 9-V. SIGK CONVENTIONS FOR FECORDERS . 
PARAXETER TRACE MOVES 
ABBRK'TATTON 
- 
UPSCALE I F :  
-
1. Alrspeed A/S Speed increases 
2.  Voltage Volt Y ~ l t a g e  increases 
3 .  Current -9s Amperage increares 
4 .  Alti tcde A 1  t Altitude increases 
2 .  P~wer  Lever 
a. Boost Tube Axial Power Lever, Tube i n  t. .. .ion 
E orce b ~ o s t  Axial 
b. P i l o t  Effort  P i l o t  Effor t ,  Pul l  up or. pawax 
(tcrque on jack- Power Lever lever : - : - w-. 
shaf t  or son~ethina 
in  the systorn 
cal ibrated i n  terms 
of force a t  g r ip )  
c .  Stick Positlon lower Lever Power lever s t i c k  
St ick Position UP 
6. Cyclic 
a.  Boost Tube Axj 31 F/A or Lateral  TubG i n  tension 
Force Cyclic Bcost Axial 
b. Fore and A f t  Stick F/A Cyclic Posi- Cycli c s '-.ick moved 
Position tior; forward 
c.  P i lo t  E'fort, P i l o t  Effor t ,  Forward for-. e on 
Fore and A f t  F/A Cyclic cyc l ic  s t i c k  
d .  Lateral  Stick Lateral  Cyclic Cyclic s t i ck  novsc. 
Position Tssi t ian t o  t he  right 
e .  F i lo t  Effor t ,  P i l o t  Effor t  P u l l  r igkt on 
Lateral  Lateral  cyc l ic  .=t..ck 
7 .  R / H ,  L/H Directional Directiocal Control tube i n  
Control Tube Axial Contrf 1 Tube tension 
Force 
8 .  Eievator 
a .  Beam Rsndin5 L t  or R t  Elevatcr Lower s~ -faze - 
3eam Bending i n  tensron 
ORIGINAL PAGE 1s 
OF POOR QUALlTY 
301-099-022C 
8 August 1980 
- -- 
TABLE 9-V. (CONTINUED) 
PARAMETER TRACE MOVES 
ABBREVIATION UPSCALE IF: PA% -!ETER 
b. Drive Tube Torque L t  or  R t  E levator  T r a i l i n g  edge up 
Drive Tube Torque 
(Control  A r m  Force)  
9.  Rudder 
- . Beam Bending L t  o r  R t  Rudder Left s u r f a c e  i n  
Beam Bending t e n s i o n  
b. Drive Tube Torque L t  or  R t  Rudder T r a i l i n g  edge t o  
Drive Tube Torque t h e  l e f t  
c .  P o s i t i o n  Rudder P o s i t i o n  T r a i l i n g  edge t o  
t h e  r i g h t  
1 0 .  Flaps 
a. Beam Bending L t  o r  R t  F lap  Lower survace  i n  
Beam Bend t e n s i o n  
b. Drive Tube Torque L t  o r  R t  F lap  T r a i l i n g  edge up 
Drive Tube Torque 
c. P o s i t i o n  L t  o r  R t  F lap  T r a i l i n g  edge down 
P o s i t i o n  
11. F l a ~ e r o n s  
a .  Beam Bending L t  o r  R t  Flaperon Lower s u r f a c e  i n  
Beam Bend t e n s i o n  
b. Control  A r m  Force L t  or  R t  Flaperon Tube i n  t e n s i o n  
Con Arm Force 
c .  P o s i t i o n  Flaperon P o s i t i o n  T r & i l i n g  edge down 
12. Ai leron 
a. P o s i t i o n  L t  o r  R t  Ai leron Right a i l e r o n  
Pos t r a i l i n g  edge up 
13. Eiigine 
a .  R P M  Eng RPM RPM increase5 
b. Torque Eng Torqce 
Fuel Flow 
Torque i n c r e a s e s  - 
engine power ou tpu t  
i n c r e a s e s  
. -  - 
1 4 .  Fuel Flow F ~ e l  flow i n c r e a s e s  
OR\G\NAL PAGE 1s 
OF POOR QUALITY 
- - t e r m  301-099-022~ 
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TABLE 9-V . (CONTINUED) 
PARAMETER TRACE MOVES 
PARAMETER ABBREVIATION UPSCALE I F :  
15.  Main Rotor 
a. Azimuth M/R Azimuth Red b l a d e  a f t  = O0 
Az 
b. Blade P i t c h  Angle M/R P i t c h  Ang P i t c h  i n c r e a s e s  
c. Blade F lapping  M/R Flap 
Angle 
Red b l a d e  up 
d.  Blade Beam Bending M/R B 1  Bm Lower s i d e  i n  t e n s i o n  
e. Blade Cnord M/R B 1  Ch 
3ending 
Leading edge  i n  
t e n s i o n  
f . Trunnion Fork Trunnion Fork Leading edge i n  
Bending Bend t e n s i o n  
g.  Yoke Extens ion  M/R Yoke Ext  Bm Lower s i d e  i n  
(Gr ip /Spindle)  t e n s i o n  
Beam Bending 
h. Yoke Extens ion  M/R Yoke E x t  Ch Leading edge i n  
( G r  i p /Sp ind le  ) t e n s i o n  
Chord Bending 
i. Swashplate  Swashplate  Drive Leading edge i n  
Driver Bending Bend t e n s i o n  
j. Mast Pe rpend icu la r  M/R Mast Perp  Red b l a d e  forward ,  
Bending t o p  o f  mast t o  r i g h t  
k. Mast P a r a l l e l  M/R Mast Para  Red b l a d e  forward ,  
B e n d k g  t o p  of mast  aft 
1. Mast Torque M/R Mast T o r q ~ e  I n p u t  t o r q u e  t o  
main r o t o r  i n c r e a s e s  
( l e a d i n g  edge of 
main r o t o r  i n  
t e n s i o n  1 
m. P i t c h  Link Axial  ?l/R Pitch Link P i t c h  l i n k  i n  
Force t e n s i o n  
i~. Spinner  - Lower . -  - 
Suppor t  A r m  
a )  Red Beam Bend- Spinner  Support  Arm Lower s u r f a c e  i n  
ir.g Red Beam Bend. t e n s i o n  
ORI~INAL PAGE 'S 
m a  I k l i t 0 P t - m  OF W O R   QUA^ 301-099-022~ 
> . . , r r r ,  '..I.~C ,y 
8 August 1980 
TABLE 9-V . (CONTINUED) 
PARAMETER TRACE MOVES 
PARAMETER .iBBREVIATION UPSCALE IF: 
b )  Chord Bending Spinner Support Leading edge i n  
A r m  - Chord Bend t e n s i o n  
o. Swashplate Motion 
a )  Fore and Aft  Swashplate Motion- Red b lade  forward 
F/A Red blade  up 
b )  L a t e r a l  Swashplate Motion- Red b lade  outboard 
La t Red blade  down 
16 .  Hub Spring biotion 
a. Fore and Af t  Hub Spring Motion Red blade  forward 
F/ A Red blade up 
b. L a t e r a l  Hub Spring Motion Red blade  outboard 
Lat  Red blade down 
17. Actuator  P o s i t i o n  
a. Fore and Af t  Act Pos - F/A Forward on c y c l i c  
Cyclic  Cycl ic  s t i c k  
b. L a t e r a l  Cycl ic  A c t  Pos - Lat  Outboard diameter  
Cycl ic  of b lade  d i s c  down 
c . C o l l e c t i v e  Act Pos - Col l  Inc rease  p i t c h  - 
power l e v e r  up 
18. Control  Boost 
Actuator  Axia l  Force 
a. Tore and A f t  Contrc l  Boost Act Tube i n  t ens ion  
Cyc 1 ic Axial - F/A Cyc 
b. Lateral Cyclic  Control  Boost A c t  Tube i n  t e n s i o n  
Axial - L a t  Cyc 
c. C o l l e c t i v e  Control  Boost A c t  Tube i n  t e n s i o n  
Axial  - C o l l  
19. Pylon Conversion 
Spindle 
a .  B e a m  Bending Pylon Conv Hel icopter  mode 
Spindle B e a m  Bend Lower s u r f a c e  i n  
t e n s i o n  
- 
- - 
b. Chord bending Pylon Conv Hel icopter  mode 
Spindle Chord forward s u r f a c e  
Bend i n  t e n s i o n  
I V I ~  w a ~ s c ~ ~ l u r t  OI 011a on tho pqc 15 ~UO-t to tnt rcrtr~ctw on tht t ~ t ~ t  pgt I 
ORIGINAL PAGE 
OF POOR vL'ALIN 301-099-022~ 8 August 1980 
PARAMETER 
c. P o s i t i o n  
20. P i t c h  
a. A c c e l e r a t i o n  
b.  A t t i t u d e  
c. Rate 
2 1 .  R o l l  
a. A c c e l e r a t i o n  
b.  A t t i t u d e  
c. Rate 
22 .  Yaw 
a. Acce le ra t ion  
b. A t t i t u d e  
TABLE 9-V. (CONTINUED) 
PARAMETER TRACE MOVES 
ABBREVIATIOX UPSCALE IF:  
Pylon Conv Ai rp lane  t o  
Sp ind le  P o s i t i o n  H e l i c o p t e r  Conv 
P i t c h  Ang A c c  S h i p ' s  nose h a s  
upward a n g u l a r  accel- 
e r a t i o n  about  p i t c h  
a x i s  
P i t c h  A t t  
P i t c h  R a t e  
R o l l  Accel 
Ro l l  A t t  
R o l l  Rate 
Yaw Ang A c c e l  
Yaw A t t  
Nose o f  h e l i c o p t e r  
moves upward about  
p i t c h  a x i s  
Nose of  s h i p  h a s  
upward a n g u l a r  ve lo-  
c i t y  abou t  p i t c h  a x i s  
Sn ip  has  c lockwise  
angu la r  a c c e l e r a t i o n  
about  r o l l  a x i s  a s  
viewed from behind 
Ship  has  c lockwise  
motion abou t  r o l l  
a x i s  a s  viewed 
from behind 
Ship  has  c lockwise  
a n g u l a r  v e l o c i t y  
about  r o l l  a x i s  a s  
viewed from behind 
Ship  ' s nose has  
angu la r  a c c e l e r a t i o n  
t o  t h e  r i g h t  about  
t h e  yaw a x i s  as 
viewed from above 
S h i p ' s  nose moves t o  
t h e  r i g h t  about  yaw 
a x i s  a s  viewed 
from above - - 
~R\GNPL P&GE 1s 
- - t e r m  p~oOn Q U A L ~ ~ ~  301-099-022C 
Z..~F z1 ye.,. 3r my 
8 August 1980 
PARAMETER 
c .  Rate 
TABLE 9-V . (CONTINUED) 
PARAMETER TRACE MOVES 
ABBREVIATION UPSCALE IF: 
Yaw Rate S h i p ' s  nose has  
angu la r  v e l o c i t y  
t o  t h e  r i g h t  about  
t h e  yaw a x i s  a s  
viewed from above 
23. Pressures  P res  P ressure  i n c r e a s e s  
24.  Rudder Pedal Rudder Pedal Pos Motion of r i g h t  
P o s i t i o n  pedal  forward 
25. Rudder Pedal Force Rudder Pedal Right pedal  up 
Force scale 
26.  Horizontal  S t a b i l i z e r s  
a .  Beam Bending Horiz S t a b  Lower s u r f a c e  i n  
Beam Bending t e n s i o n  
b. Torque Horiz S tab  Leading edge up, 
Beam Bending t r a i l i n g  edge down 
c. Chord Bending Horiz S tab  Leading edge i n  
Chord Bending t e n s i o n  
27 .  V e r t i c a l  Fin 
a .  Beam Bending Fin  Lat  Bending T a i l  f i n  bends t o  
t h e  r i g h t  a s  viewed 
from r e a r  
b. Chord Bending Fin  F/A Bending Leading edge of 
f i n  i n  t e n s i o n  
c .  Torque 
28. Temperature 
Fin Torq Leading edge t o  t h e  
r i g h t  
Temp 
29. Vibra t ion  
a.  Fore and Aft  F/A Accel 
b. L a t e r a l  
c .  V e r t i c a l  
Lat  Accel 
Ver t  Accel 
Inc reas ing  tempera- 
t u r e s  
Ship a c c e l e r a t e s  
forward 
Shig a c c e l e r a t e s  t o  
tile r i g h t  - - - 
Ship a c c e l e r a t e s  
upward 
8 August 1980 
TABLE 9-V. (CONTINUED) 
PARAMETER TRACE MOVES 
PARAMETER ABBREVIATION UPSCALE IF: 
30. Nose Boom Vanes 
a .  Angle of  A t t ack  Angle of A t t ack  Nose o f  h o r i z o n t a l  
vane moves down 
b. Angle o f  S i d e s l i p  Angle of  S i d e s l i p  Nose o f  v e r t i c a l  
vane moves t o  r i g h t  
31. SCAS Ac tua to r  P o s i t i o n  
a .  Fore  and A f t  F;A SCAS Pos 1 "  forward s t e p  
i n p u t  a p p l i e d  t o  
c y c l i c  s t i c k  f r o r  
a s t a t i c  p o s i t i o n  
b. L a t e r a l  
c. D i r e c t i o n a l  
L a t  SCAS Pos 
D i r  SCAS Pos 
1 "  r i g h t  s t e p  i n p u t  
a p p l i e d  t o  c y c l i c  
s t i c k  from a s t a t i c  
p o s i t i o n  
1" forward s t e p  
i n p u t  a p p l i e d  t o  
r i g h t  peda l  from a  
s t a t i c  p o s i t i o n  
NOT?: SCAS t r a c e s  
w i '  . r e t u r n  t o  z e r o  
f o l l o w i n g  comple t ion  
of  s t e p  i n p u t .  
32. Swashplate  Drive Swplate  Drive Leading edge  i n  
Links  Link t e n s i o n  
33. Swashplate  Ant i -Drive Swplate A/D R igh t  s i d e  i n  
Links  Link t e n s i o n  as viewed 
from r e a r  
3 4 .  Main Landing Gear 
a .  Trunnion A r m  Main Land Gear - Lower s u r f a c e  i n  
V e r t i c a l  Bending Trunnion Arm t e n s i o n  
V e r t  Bend 
. Oleo S t r u t  Fore  Main Land Gear - A i r c r a f t  forward - 
and A f t  Bending Oleo S t r u t  F/A u p s c a l e  ( a f t  on 
wheels  - u p s c a l e )  
- - 
c. Oleo S t r u t  Main Land Gear - A i r c r a f t  r i g h t  - 
L a t e r a l  Bending Oleo S t r u t  L a t  Upscale ( l e i  t on 
Bend wheels  - u p s c a l e )  
ORIGINAL PAGE IS 
QF POOR QUALm 301-099-022C 
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TABLE 9-V. (CONTINUED) 
PARAMETER TRACE MOVES 
PAWETER ABBREVIATION UPSCALE IF: 
d .  Drag S t r u t  Main Land Gear - Link i n  t e n s i o n  
Axial Force Drag S t r u t  Axial 
e. Actua tcz  P o s i t i o n  Main Land Gear - Landing gea r  down - 
Act Pos f u l l  upscale  (ex- 
tend goes upsca le )  
f . Oleo Extension Main Land Gear - Extend goes upscale  
P o s i t i o n  Oleo Ext Pos 
35. Nose Landing Gear 
a .  Trunnion V e r t i c a l  Nose Land Gear - Lower s u r f a c e  i n  
Bending Trunnion V e r t  t e n s i o n  
Bend 
b. Oleo S t r u t  Fore Nose Land Gear - A i r c r a f t  forward - 
and Aft  Bending Oleo S t r u t  F/A upscale  ( a f t  on 
Bend wheels - upsca le )  
c. Oleo S t r u t  Nose Land Gear - A i r c r a f t  r i g h t  - 
L a t e r a l  Bending Oleo S t r u t  upscale  ( l e f t  on 
L a t e r a l  Bend wheels - upsca le )  
d.  Drag S t r u t  Nose Land Gear - Link i n  t ens ion  
Axial  Force Drag S t r u t  Axial  
e .  Actuator  P o s i t i o n  Nose Land Gear - Landing gear  down - 
A c t  Pos f u l l  upscale  (ex- 
tend goes upscale)  
f .  Oleo Evtension Nose Land Gear - Extend goes upscale  
P o s i t i o n  Oleo Ext Pos 
g .  S t e e r i n g  P o s i t i o n  Nose Land Gear - Nose of s h i p  moves 
S t e e r  Pos t o  r i g h t  
36. Wing 
a. Panel Bending Wing - Panel Be?d Panel  i n  t e n s i o n  
b. Beam Bending Wing - Beam Bend Lower s u r f  ace i n  
t e n s i o n  
c.  Chord Bending Wing - Chord Bend Leading edge i n  
- - t e n s  ion  
d. Torque Wing - Torque Leading edge up 
use or QlSClmurt ot dnr on MIS ~ * ) t  IS 
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TABLE 9-V . (CONTINUED) 
PARAMETER TRACE MOVES 
PARAMETER ABBREVIATION UPSCALE IF: 
e. Shear - Right Wing I t e m  S630 - Front  Airp lane  t o  h e l i -  
Spar Upper Shear c o p t e r  conversion 
WS 66.0 
I t e m  S631 - Front  Hel icopter  t o  
Spar Lower Shear a i r p l a n e  conversion 
WS 66.0 
I t e m  S632 - Rear Hel icopter  t o  
Spar Upper Shear a i r p l a n e  conversion 
WS 66.0 
I t e m  S633 - Rear Airp lane  t o  h e l i -  
Spar Lower Shear c o p t e r  conversion 
WS 66.0 
I t e m  S634 - Front  Hel icopter  t o  
Spar Upper Shear a i r p l a n e  conversion 
WS 142.0 
I t e m  S635 - Front  Airp lane  t o  h e l i -  
Spar Lower Shear c o p t e r  conversion 
WS 142.0 
Item S636 - Rear Airplane t o  h e l i -  
Spar Upper Shear c o p t e r  conversion 
WS 1 4 2 . 0  
I t e m  S637 - Rear Hel icopter  t o  
Spar Lower Shear a i r p l a n e  conversion 
WS 142.0 
37. Fuel Control  Lever Fuel  Cont Lever Forward on l e v e r  
P o s i t i o n  Pos ( t h r o t t l e )  
38. Flap Control  Lever F lap  Cont Lever ( T r a i l i n g  edge 
P o s i t i o n  Pos down ) 
39. D i f f e r e n t i a l  Cycl ic  Diff Cyc Washout Inc rease  a i r speed  
Washout Actuator  A c t  Pos 
P o s i t i o n  
4 0 .  Control  Tube Bending 
a .  L a t e r a l  Bending Lat  Cont Tube Bend L e f t  s i d e  i n  t ens ion  
b. V e r t i c a l  Bending V e r l  Cont Tube Bottom s i d e  i n  
Bend t e n s i o n  
usc or O I I C ~ U I ~  01 MU on I ~ I S  pqr 15 
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PARAMETER 
c .  F o r e  and Aft 
B e n d i n g  
a~scmwrr CM ortr on lhlr oqe 1s 1 
to Ihr rnlrlclton on Inc t~tlc @w I 
TABLE 9-V. (CJNCLUDED) 
PARAMETER TRACE MOVES 
ABBREVIATION UPSCALE I F :  
F/A C o n t  Tube B e n d  Aft s i d e  i n  
tension 
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TABLE 9 - V I .  
XV-15 (MODEL 3 0 1 )  THERMOCOUPLE SETUP SHEET 
ENGR. SHIP NO. 
- 
DATE 
TECH. FLT NO. 
- G/R NO. 
TEST PURPOSE EWA DLN 
LOCATION 
ORlOUVAL PA= IS 
OF POOR QUALITY 301-099-022C 8 August 1980 
- 
TABLE 9-VI (CONTINUED). 
XV-15 (MODEL 301) THERMOCOUPLE SETUP SHEET 
ENGR. SHIP NO. DATE . -  
TECH. FLT NO. G/R NC - 
TEST PURPOSE EWA DLN - - 
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TABLE 9-VI (CONCLUDED) . 
XV-15 (MODEL 301) THERMOCOUPLE S E T U P  SHEET 
ENGR. SHIP NO.  
- 
DATE 
TECH. F L T  NO. G/R NO. 
T E S T  TURPOSE EWA DLN 
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TABLE 9 - V I I .  
XV- 5 (MODEL 301) SCANNIVALVE SETUP SHEET 
LEFT ENGINE INLET 
i)R .,VAL Pk2E IS 
OF POOR QUALITY 
301-099-022C 
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TABLE 9-VI I !CONCLUDED ) 
XV-15 (MODEL 301) SCANNIVALVE SETUP SHEET 
LEFT ENGINE INLET 
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TABLE 9 - V I I I .  XV-15 PREFLIGHT CHECKLIST. 
PROCEDURE 
1. Turn on system power. Master power switch on 
p i l o t ' s  i n f o  panel.  (Allow 15 minutes warmup 
before  beginning p r e f l i g h t . )  
2 . Hook up f l i g h t  l i n e  tester t o  RMDU-1. 
3. Have shop connect hydraul ic  boost  cart and t u r n  
on. 
CHECK 
4 .  I n s t a l l  n u l l  f i x t u r e s :  
a.  50% rudder pedal  ( 1 
b. 50% F/A and l a t e r a l  s t i c k  ( 1 
c. 0% - f u l l  down power l ever  ( 1 
d. 0% on t h r o t t l e  (no t  f l i g h t  i d l e )  ( 
e. 00 on f l a p  c o n t r o l  ( 1 
f, 950 pylon conversion (he l i cop te r  mode). ( 1 
g. Governor wheel a s  low as it can be turned ( 1 
without  moving the power l ever .  
5 .  Turn o f f  hydraul ic  boost (DO NOT REMOVE). 
6. Put  fol lowing i n  re fe rence  pos i t ion :  
a. Oleo extens ion and ac tua to r  potentiometers  ( 1 
f u l l y  r e t r a c t e d  (nose, LHLG and R M L G ) .  
b. O0 clamps on YAPS head (angle of a t t a c k  and ( 1 
angle of s i d e s l i p ) .  
c. Turn OAT and a l t i t u d e  re fe rence  swi tch  (on ( 1 
progrm. board ) t o  re fe rence  . 
d. P u l l  torque system c i r c u i t  breaker (ens. ( 1 
torque sig. cond. ) located on panel  t o - l e f  t 
of cockpi t  doorway. LEAVE CROSS SHAFT SIGNAL 
CONDITIONER ON. - 
. -  - 
e. P u l l  f u e l  quan t i t y  c i r c u i t  b r e u e r  ( f u e l  qty.) ( 1 
on overhead panel  f o r  R t  and L t  f u e l  quan t i t y  
( tank)  zeros.  
ORldlNAL PAGE IS 
OF POOR QUALITY 
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TABLE 9-VIII. (CONTINUED) 
PROCEDURE 
6. f .  Check t o  i n s u r e  t h a t  both of t h e  s h i p s  
i n v e r t e r s  a r e  on. 
*NOTE: S h i p ' s  i n v e r t e r s  must be on f o r  
R t  and L t  pylon convers ions  p o s i t i o n  zeros.  
CHECK 
7. Check s c a ~ i v a l v e  t o  i n s u r e  it s t e p s  i n  t h e  a u t o  ( 1 
mode. S t a r t  prime d a t a  and l i s t e n  t o  t h e  u n i t  
a s  it s t e p s  through one complete cyc le .  Open 
a c t i v e  network panel  and t u r n  temperature and 
scannivalve  r e f e r e n c e  swi tch  t o  r e fe rence  (swi tch  
l o c a t e d  between c a r d s  16 and 1 7 ) .  Dia l  i n  
Channel 329 on temperature readout  i n  c o p i l o t ' s  
panel .  
8 .  By using scanner swi tch  on c o p i l o t  panel ,  s t e p  ( 1 
through a l l  thermocouples t o  i n s u r e  a l l  a r e  
opera t ing .  Good channels  should read room tempera- 
t u r e  (assuming s h i p  has  no- been runn ing) ,  bad or 
open channels  should read  rardomly changing number. 
*3. Using t h e  f l i g h t  l i n e  tester, d i a l  through a l l  ( 1 
channels  and check a l l  ze ros  a g a i n s t  p r e s e t  zeros .  
F i x  or f l a g  any p r o b l e m  
*iO. Turn on R-Cals and check values  a g a i n s t  p r e  R-Cal ( ) 
values .  FLX o r  f l a g  any problems. 
*A program t o  l e t  t h e  computer do these func t ions  
by use  of  the telemetry l i n k  is  being completed. 
11. Hook up RMDU-2 t o  t h e  f l i g h t  l i n e  tester and ( 1 
r e p e a t  s t e p s  9 and 10. 
12. S e t  c o r r e c t  record  number a t  p i l o t ' s  i n f o  panel .  ) 
3 Turn on t i m e  code genera to r  and check t o  see i f  ( 1 
it is funct ioning proper ly .  
1 4 .  S e t  c o r r e c t  t i m e  i n  t i m e  code genera to r .  ( 1 
15. Load t a p e  on tape deck. ( 1 
16. Run 30 secand l e a d e r  and t u r n  o f f  t ape  deck. i ; 
. -  - 
17 .  C a l l  Gxound Data Center f o r  te lemetry  p r e f l i g h t .  ( 1 
18. Turn on te lemetry  t r a n s i a i t t e r .  ( 1 
ORIGINAL FAG€ SS 
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*19. When requested p r e s s  R-Cal switch,  wai t  two 
seconds, r e l ea se  R-Ca l  switch,  wa i t  two seconds, 
p r e s s  R-Ca l  switch, wa i t  two seconds, then 
r e l e a s e  R-Cal switch. 
*20. Ground Data Center checks zeros.  




*When the before-mentioned computer program i s  
used, Step 19 is  performed, bu t  while t h e  system 
is  i n  Prime Data, Steps  19,  20 and 2 1  a r e  
repeated (while i n  Prime Data) with RMDu-A 
connected t o  t h e  te lemetry  t r ansmi t t e r .  Switch 
t o  pu t  RMDU-A on TM is located on a u x i l i a r y  
instrumentat ion p a l l e t .  
22. Turn on tape  deck (at  t h e  same t i n e  Ground Data ( ; 
Center t u r n s  on t h e  te lemetry  t ape  deck) .  
23. P ress  prime da t a  switch and run 10 second ( 1 
re fe rence  record;  p r e s s  prime d a t a  switch sec-?d 
t i m e  t o  g e t  system o u t  of prime da ta .  
2 4 .  P r e s s  prime da t a  switch and run R-Cal record ( 1 
( repea t  Step 1 9 )  (2-2 second R-Cals). Press  prime 
d a t a  switch second t i m e  t o  g e t  o a t  of prime da ta .  
25. T.:rn o f f  tape  deck. ( 1 
26. Remove n - ~ l l  f i x t u r e s  . ( 1 
27. Turn on hydraul ic  boost.  ( 1 
28. Turn on t ape  deck. ( 1 
29. Run f u l l  throw record ( f o r  onboard t ape  and ( 1 
telemetry t a p e ) .  
30. Turn o f f  t ape  deck. ( 1 
31. Turn o f f  telemetry t r ansmi t t e r .  ( 1 
- -  1 32. Check v i sua l  ind ica t ion  ( f u l l  throws).  
33. Disconnect f l i g h t  l i n e  t e s t e r .  ( 1 
ORIGINAL PAGE IS 
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TABLE 9-VIII. (CONCLUDED) 
PROCEDURE 
34. Turn o f f  system power. 
35. Put t h e  following i n  d a t a  pos i t ion :  
a .  90° pylon conversion 
b. Connect o l eo  ex tens icn  s t r i n g  pos i t i on  
cab les  (nose, LMLG and RMLG) . 
c. Remove 00 clamps from YAPS head. 
d.  Turn OAT and a l t i t u d e  re fe rence  switch t o  
da ta .  
e. Open a c t i v e  network p w e l  and t u r n  tempera- 
t u r e  and scannivalve re fe rence  switch t o  
da ta .  
f .  Push i n  engine torque s i g n a l  condi t ioner  
c i r c u i t  breaker. 
g. Push i n  f u e l  quan t i t y  ( tank)  c i r c u i t  
breaker. 
h. Turn o f f  both sh ip s  i n v e r t e r s .  
3 6 .  D ~ S C O M ~ C ~  hydraul ic  boost  c a r t .  
3 7 .  Sign o f f  p r e f l i g h t  i t e m  i n  s h i p ' s  workbook and 
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SECTION 10. MAINTENANCE 
This section covers special tools and test equipment, alignment 
and calibration instruction, scheduled inspections, testing and 
troubleshooting, and recommended spare parts required to maintain 
the XV-15 research instrumentation system. 
10.1 Ground Support Equipment. Common and peculiar test equip- 
ment and special tools required to perform flight line mainte- 
nance, testing and troubleshooting, inspections and preflight 
checks are listed in Table 10-1. 
10.2 Flight Line Testinq. The Model AIFTDS-4000 flig?lt line 
tester (Figure 10-1) is a piece of special ground suppoxt equip- 
ment used to check out and troubleshoot the research instrumenta- 
tion system. It is a portable test set, designed to operate in 
conjunction wi th a remote multiplexer/demultiplexer unit (RMDU) 
configured with a stand-alone timing card (SAT-:'). The flight 
line tester will operate at any frame rate, word length and bit 
rate provided from the RMDU. It acts as a combined bit and frame 
synchronizer capable of receiving and decoding the IRIG Serial 
PCM data stream from the RMDU and displaying any-single channel 
of data manually selected from the PCM format. As a plug-in op- 
tion to the basic unit, the flight line tester can verify opera- 
tion of the Sperry 1819A computer (or any other computer) inter- 
face card installed in the RMDU. 
The flight line tester contains a power supply assembly which can 
be operated from 115 Vac, 400 Hz power. 
10.2.1 Input Signals. Signal inputs to the flight line tester 
from the RMDU PCM output connector are transmitter output, tape 
recorder output, PCM-frame sync pulse and PCM clock. The signal 
input lines are differential and conform electrically to the out- 
put characteristics of the SAT-M line drivers, which are capable 
of driving a 250-foot twisted pair shielded cable. 
10.2.2 Controls and Displays. Controls are defined as below: 
a. Data point selection ccntrol: Locates 
( 1 ) Subframe number, and 
(2 ) Word number 
b. Display rate sample control: Controls 
(1) Continuous display, or 
(2 ) One cf 8 detented sample rates 
c. Port selector: Selects signal from 
(1) Transmitter port, or 
(2) Tape recorder port 
301-099-022C 
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d. Decoder selector: Selects from one of 
(1) NRZ-L 
(2) NRZ-M 
(3 ) Bi-phase-L 
(4 ) Bi-phase-M 
( 5 )  Miller 
e. Display control 
(1) Hold 
(2) Reset 
(3) Lamp test 
f. Test/monitor mode control: Selects 
(1) Test, or 
(2) Simultaneous monitoring 
g. Gain display 
h. Data value display 
i. Discrete data display 
j . Buffered output (BNC) 
(1) Transmitted input 
(2) Tape recorder input 
(3) Bit clock 
(4) Frame sync pulse 
(5) Analog output 
10.2 - 3  Operation. The selection of one data word from the PCM 
format display on the test is achieved by setting two groups of 
quick action lever type thumbwheel switches requiring only 90 
degrees rotation to cover all ten (10) numbers. The two groups 
of switches control selection of the data cycle subframe and the 
individual data word of that subframe. The data word from the 
PCM format is trapped, decoded and displayed on the numberical 
indicators along with the gain tag bit. The data word is also 
displayed in binary form on the 12-bit indicator lamps. One 
switch controls data selection between the RF transmitter line 
and the tape recorder line from the SAT-M so that both outputs 
may be verified. A display sample rate control switch controls 
the display update rate. The test set can provide continuous 
updates of the displayed data or controlled samples per second 
updates so that bit jitter or noise can be measured. There are 8 
different sample rates available. Since PCM word rate is a 
variable, the user may also select a suitable display sample rate 
for the program. 
10.2.3.1 Verifier Option. The mode selector toggle-  witch 
selects whether the data being displayed is standard analog/ 
discrete data or computer I/O verification. In the SC I./O posi- 
tion the verify/fail indicators tell whether the sampled comp\j.ter 
301-099-022C 
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words are valid or invalid. If a data transmission failure oc- 
curs, the fail light illuminates and stays illuminated until man- 
ually reset, and the actual data value is displayed on the numer- 
ical data indicators and the 12-bit indicator lamps. 
10.2.3.2 Personal Card. The following program variable must be 
understood by the flight line tester. The task is achieved by 
inserting cf a hard-wire personal card into the system. 
- Word size 
- Subframe ID word location 
- Customized word re-structure 
- 2's complement or offset binary code 
10.2.3.3 Power Controls. The flight line tester operates from 
115 Vac, 400 Hz, lfJ power. The power control switches are push 
button switches with integral power on indicator lamps. Power 
for the test set is less than 50 watts. 
10.2.3.4 Mechanical Configuration. The fligltt line tester is 
assembled in a lightweight case. The tester case dimensions are: 
width, 5 - 7 5  inches; depth, 6.5 inches; and height, 9 inches. 
Parallel signal connectors are provided on the rear side so that 
the L-band transmitter and digital recorder can be connected to 
the test set and operated simultaneously to achieve real time 
dynamic test of the complete RMDU as well as an individual chan- 
nel data readout. Four buffered test p0int.s are available for 
scope display of each of the four signal lines from the RMDU out- 
put. 
10.3 Scheduled Maintenance Inspections. This section ccntains 
the requirements for preflight, 25-hour, SO-hour, special inspec- 
tions, and confitional inspections. The inspection intervals 
designated herein are the maximum ellowable and should not be 
exceeded. Where unusual environmental exposure, utilization 
rates, or operational modes dictate a higher level of mainte- 
nance, it is the responsibility of the operator to 'Increase the 
scope and frequency of inspections as necessary to ensure effi- 
cient operation of the instrumentation and data acquisition sys- 
tem. 
10.3.1 Preflight Checks. Preflight checkout procedures for the 
XV-15 research instrumentation system are given in Table 9-VIII. 
10.3.2 25-Hour Inspection. Prior to inspection, remove or open 
as necessary cowling, fairing inspection doors, and plates. 
- 
. -  - Instrumentation - right pylon 
a. Visually inspect slip ring mounting bracket for condi- 
tion and secarity. 
Be# Helicopter- 
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b. Visually inspect engine oil cooler outlet thermocouple 
for security and leakage. 
c. Visually inspect engine oil pressure transducer for 
condition, security and leakage. 
d. Visually inspect engine fuel line thermocouple for con- 
dition, security and leakage. 
Instrumentation - left pylon 
a. Visually inspect slip ring mounting bracket for condi- 
tion and security. 
b. Visually inspect engine oil cooler outlet thermocouple 
for security =d leakage. 
c. Visually inspect engine oil pressure transducer for 
condition, security and leakage. 
d. Inspect bellmouth temperature thermocouples (induction 
system) for seczrity and condition. 
e. Inspect bellmouth pressure probes (induction system) 
for security and condition. 
10.3.3 50-Hour Inspection. Prior to inspectian, remove or open 
as necessary cowling, fairing, inspection doors and plates. 
Instrumentation slip ring 
a. Inspect and clean left proprotor instrumentation slip 
ring as follows: 
(1) Remove slip ring package from top of collective 
head. Refer to Wendon drawings W84-101 a1,d W84- 
103. 
(2) Inspect slip rng for obvious damage or excessive 
wear. Clean slip ring and inspect brushes for 
wear. Replace brushes if required. 
(3) Check slip ring brushes for proper contact and 
uniform spring tension. 
(4) Reassemble slip ring and install above rotor on 
top of collective head. 
b. Inspect and clean right proprotor instrumentation slip 
ring as follows: 
_ . , r . .  . 
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(1) Remove slip ring package from top of collective 
head. Refer to Wendon drawings W84-101 and W84- 
103 (Volume IV). 
(2) Inspect slip ring for obvious damage or excessive 
wear. Clean slip ring and inspect brushes for 
wear. Replace brushes if required. 
(3) Check slip ring brushes for proper contact and 
uniform spring tension. 
(4) Reassemble slip ring and install above rotor on 
top of collective head. 
c. Cable potentiometers 
(1) Remove covers of cable potentiometers and clean 
the cable and interior of the unit. 
(2) Apply one drop of instrument oil (for wide temper- 
ature range) to the negator spring bearings. 
(Note: If used in a dusty atmosphere, frequency 
of cleaning should be increased.) 
10.4 Calibration Procedures. Calibration and adjustment of 
transducers and signal conditioners are in accordance with Sec- 
tion 7. Calibration instructions are specified in the manufac- 
turer's technical data (see Volume IV). 
10.5 Testing and Troubleshootinq. Testing of the research in- 
strumentation to validate individual measurement channels shall 
be in accordance with the procedures of Section 9. Troubleshoot- 
ing, repair, and overhaul of instrumentation equipment shall be 
in accordance with the manufacturer's reconmendation (see Volume 
IV for contractor furnished equipment). 
10.6 Recommended Spare Parts. Recommended spare parts required 
to support the research instrumentation system through 200 hours 
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Figure 10-1. Flight line tester. 
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c I QUAUTY e r e n c e  1 
REFERENCE: Enqineer ing  Labora tor i r  s Grcup Func t ion  80-13-004, 
I n s t r u m e n t a t i o n  L a b o r a t o r i e s  S t r a i n  Gaging o f  S t r u c t u r a l  
P a r t s .  
' T ITLE. S T R A I N  G A G i X G  OF STRUCTURqL PARTS - 
WORKSHEETS AND DOCUMENTATION 
r 
DESCRIPTION - The s t r a i n  qage l a b  w r k  s h e e t  is des igned  t o  
c o n t a i n  moG o f  t h e  i n fo rma t ion  neces sa ry  to  d e t e r n i n e  where 
gases shculd  be a p p l i e d  to  a q t r u c t u r a l  p a r t .  A s k e t c h  sf t h e  
s t r u c t : ~ r a l  p a r t  shows gage l c c a t i o n s  and needed r e f e r e n c e  p i n t s  
for  measuring t h e s e  l o c a t i o n s .  Spaces  are a l s c  provid2d t o  
r eco rd  s t r a i n  gage in fo rma t ion  such  as type, r e s i s t a n c e ,  f a c t o r  
and l o t  number. Other  spaces  are p o v i d e d  f o r  date, b r i d g e  
ba lance ,  r e s i s t a n c e  t o  ground, t e c h n i c i a n s  name, and c u r r e n t  
work order, EWA and DLN 
I * , - ~ ,  ,-1 r, . &~:f;*, ! 5 - 77 
C!1c-ck4~ i 1.v: ff&& 1 ! 7 ~ 2 ~ ~  3 7 '  
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COORDINATION WITH REQUESTOR - Before  a 1 a b . w r k s h e e t  c a n  be 
s t a r t e d ,  v a r i o c s  i n f o r m a t i o n  must be  acqu i r ed .  T h i s  i n c l u d e s  
(a) c o r r e c t  ZWA, ( b )  p r i o r i t y ,  schedule ,  (c) s p e c i a l  r equ i r e r i en t s  
and any cther i n f o r m a t i o n  neces sa ry  t o  perform t h e  t a s k .  
GESERAL: The I n s t r u m e n t a t i o n  Labora tory  h a s  r e s p o n s i b i l i t y  1 
f o r  a l l  s t r a i n  gage l a b o r a t o r y  w r k s h e e t s .  The=*? 
s h e e t s  i n c l u d e  most o f  t h e  i n fo rma t ion  necessary  f o r  
gaging test p a r t s ,  and become a permanent r eco rd  f o r  
f u t u r e  r e f e r e n c e .  i 
2 . 0  GAGE SELECTION AND PLACEMENT - S p e c i f i c  i n fo rma t ion  is needed 
from t h e  S t r u c t u r e s  Group on what ty-  o f  gage i n s t a l l a t i o n  
- is neces sa ry  and a t  what p l a c e s  they  snould  be a p p l i e d .  The 
- norxnal i n s t a l l a t i o n  a t  BHT js u s u a l l y  one o f  t h e  fo l lowing  
(a) bending,  (b) t o r s i o n ,  (c) a x i a l ,  (d )  rosette, or (el a 
s i n g l e  a c t i v e  arm u n i a x i a l  gage,  most o f t e n  r e f e r r e d  t o  as a 
stress gage.  Four a c t i v e  arm b r i d g e s ,  measuring e i t h e r  bending,  
t c r s i o n  o r  a x i a l  l o a d s  are t h e  ones  most c o m o n l y  selected. 
These b r i d g e s  are morz s t a b l e  d u r i n g  changes o f  t empera tu re  and 
w i t h  an a c c u r a t e  c a l i b r a t i o n  provide v e r y  r e l i a b l e  d a t a .  When 
t h e  neces sa ry  in fo rma t ion  h a s  been r e c e i v e d ,  a work s h e e t  can  the:  
be  s t a r t e d .  
9 
4.0 DRAWTNG OF \qORKSHEET - Farm No. 7872  55420 is used f o r  t h e  a c t u a l  
drawlng. These drawings a r e  n o t  as c r i t i c a l  as b l u e p r i n t s  anc5 
a r e  in tended  to  be a  gu ide  f o r  t h e  s t r a i n  gage t e c k n i c i a n .  An 
o r i g i n a l  i s  made w i t h  p e n c i l  and Xerox c o p i e s  a r e  2 i s t i - i b u t e d  
a s  fo l lows .  One copy goes  t o  t h e  t e c h n i c i a n  doing t h e  work.- - 
A f t e r  t h e  qage work is complete ,  t h i s  copy i s  r e t u r n e a  to  t h e  . 
t e c h n i c i a n  s u p e r v i s o r .  In format ion  is t r a n s f e r r e d  from t h i s  
copy and w i l l  be r e t a i n e d  a s  t h e  f i l e  copy. Two c o p i e s  go t h e  
t h e  In s t rumen ta t ion  Test Opera t ions  Group, one t o  t h e  Mechanizal 
Lab Calibration Engineer  and cne  t o  t h e  In s t rumen ta t ion  C a l i -  
I b r a t i o n  Technic ian .  Th i s  i s  done i f  t h e  p a r t  is far f l i g h t  test. I f  t h e  p a r t  is f o r  f a t i ; - e  tes t ,  t h e  two normally going 
- 
7351  $3247 RF-2 f 
1 
I to Flight Test are not used. This distribution is the normal route and is sufficient for most parts. 
i 
GCII ~ c l i c c p l e r ~  
5 . 9  ASSIGSNEXT OF PROJECT - The assignment of parts to be gaged is 
usually done by the Technician Supervisor. Assignments are made 
after copsidering the workload, Technician abilities, time element 
and any ot3er factors that may affect the job. Strain gaging, 
particularly the smaller parts, requires very special handling. 
In this respect, assig~nents are made accordingly. 
6.0 CHECK AND FILE WORK SHEET - upon completion of gaging, the work- 
sheet m s t  be finished. The technician completes all infornation 
as shown in paragraph 1.0, then gives it to ''.e Technician 
Su~errisor who files the original and distributes the rest as 
ncted in paragraph 4.0, Filing is done by lab numbers for 
future reference , 
t 
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r . I 
The Instrumentation Laboratory applies strain gages 
to structural parts for flight tests, fatigue tests, 
RLD Lab and other tests. 
~ e t l  ~ c ~ t o p e c r ~  
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T ITLE ISSTRLi>lEYTXl'ION L\BORATO!~, - 
STRtII!? GAGING OF STRUCTURAL PARTS 
I REFERENCES: None 
~ ~ -- - - - - -  --- -- 
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Prcparcri hy : ! 5 C) Datc ;-I( 3 1' 
Checked 1)y: ;*.,. Date- '? 
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1. K ~ r k s h c e t s  and Documentation - Group 13 coordinates with Project, 
Design, and Laboratory personnel to determine the location an2 
quaztity of strain gages to be applied. A laboratcry wcrksheet 
is then prepared to describe and document all pertinent facts 
regarding the installation ~rocedurc to be used by the strain 
gage technician. 
1 A 
ENGINl. . tR ING LAOORATOR l ES 
GRol 'I FIJXCT? ONS 
2. Strain Gage Application - With the worksheet as a guide, the 
strain gage technician follows established laboratory procedures 
and practices to accomplish the strain gage application. 
go. 80-13-00 1 
Rev. 
n;1tc2-16-77 
3. Quality ControL - Each strain gaged part is thoroughly inspectee 
by Group 13 supervisory personnel prior to and after calibration. 
Each part must meet established performance standards for bridge 
balance, resistance to ground, linearity, cross talk, etc. 
ORIGINAL PAGE IS 
OF POOR Q'JALIn 
ORIGINAL PAGE 1s 
Of WOR Qu*m Reference 3 
@ell ~elicopter 
I SE::R:L: A p p l i c a t i o n  o f  a l l  s t r a i n  gages  a t  BHT is t h e  res- p o n s i b i l i t y  o f  t h e  I n s t r u m e n t a t i o n  Lab, Group 13.  I 
TITLE I::STFJI.IESTRTION LAB - STRAIN GAGI~IG 
OF STRZCTUFAL PARTS - STRAIN GAGE 
APPL1CATIO:J 
REFEREYCES : Ena inee r ing  Lab Group Func t ion  80-13-004, Instrumen- 
t a t i o n  Lab S t r a i n  Gaging of  S t r u c t u r a l  P a r t s .  
r 
No.13-OP-0402 
- Prepared bv i .%dh~at t  5.u 7 4  
Checked by: /A(  J,&DateS//-77, 
1. ASSIGX.IE:iT AKD DISCUSSION OF PROJECT - The I n s t r u m e n t a t i o n  Lab 
Techn ic i an  S u p e r v i s o r  ha s  r e s p o n s i b i l i t y  f o r  a s s i g n i n g  s t r z i n  gage 
;obs t o  i n d i v i d u a l  t e c h n i c i a n s .  Some o f  t h e  t h i n g s  c o n s i d e r e d  
a r e  scope  o f  j ob ,  t e c h n i c i a n  c a p a b i l i t i e s ,  l o c a t i o n  and t i m e  
neces sa ry  f o r  comple t ion .  A t  t h e  t i m e  o f  a s s ignmsn t ,  some ques-  
t i o n s  abou t  t h e  p r o j e c t  t h a t  may come up are d i s c u s s e d .  These 
q u e s t i o n s  nay be concerned w i t h  s p e c i a l  i n s t r u c t i o n s  n ~ t  covered  
un t h e  work s h e e t  o r  something n o t  c o n s i d e r e d  a s  g e n e r a l  p r a c t i c e .  
>lost  i t e n s  gaged are g e n e r a l  i n  a p p l i c a t i o n  and v e r y  l i t t l e  d i s -  
c u s s i o n  i s  neces sa ry .  
ENG IVEER ING LABORATOR I ES 
CRc'"F FC'NCTIOYS 
Approved by : / J &&Date 5 /I 97, 
2 .  DINENSIONAL LAYOUT OF PART FOR GAGING - Most d imens ions  f o r  s t r a i n  
qaged p a r t s  a r e  shown on t h e  l a b  work s h e e t .  I f  n o t ,  v e r b a l  i n -  
s t r u c t i o n s  a r e  neces sa ry .  Dimensional t o l e r a n c e s  a r e  u s u a l l y  g i v e 2  
i n  hundred ths  s o  a s  t o  p l a c e  t h e  gage v e r y  c l o s e  t o  t h e  d e s i r e d  
a r e a  a s  wanted by t h e  r e q u e s t i n g  group .  >. c l o s e  t o l e r a n c e  i n s t a l l a -  
t i o n  is  a  ve ry  n e c e s s a r y  p a r t  of  t h e  f i n a l  outcome of a t e s t .  
Rev. 
Date!-25-77 
3 .  CLE?.NING OF PAST - Clean ing  o f  p a r t s  f o r  s L r a i n  gag ing  has  one 
r a i n  f u n c t i o n  - t o  g e t  down to  t h e  b a s i c  m a t e r i a l  t h a t  i s  t o  be 1 
gaged. P a i n t ,  p l a t i n g ,  o r  o t h e r  cove r ing  must be  removed i n  o r d e r  
t o  ex?ose t h e  b a s i c  m a t e r i a l .  I f  a p a r t  i s  p a i n t e d ,  e i t h e r  
s and ing  o r  p a i n t  s t r i p p e r  i s  used.  D i l u t e d  ammonium h i t r a t e  is 
used f o r  s t r i p p i n g  c3d p l a t e .  I n  ac id i t ion  t o  removing p a i n t ,  e t c . ,  
from p a r t s ,  a  good bonding s u r f a c e  i s  neces sa ry .  Th i s  can  be  
ach ieved  by vapor  b l a s t i n g ,  sand  b l a s t i n g ,  s and ing ,  g r i n d i n g ,  o r  
some s u r f a c e s ,  j ~ s t  c l e a n i n g .  Vapor b l a s t i n g  is  the.  p r e f e r r e d  
method t o  p r e p a r e  t h e  s u r f a c e .  S t e e l  p a r t s  must a l s o  have me ta l  
c o n d i t i o n e r  a p p l i e d  t o  p r e v e n t  r u s t  from forming.  When t h e  s a r f a c e  
i s  p r o p e r l y  prepared  t h e  n e x t  s t e p  i s  c l e a n i n g .  Cn s t e e l ,  aluminum 
and f i b e r g l a s s ,  ammonia c l e a n i n g  d e t e r g e n t  is used t o  remove o i l .  
T h i s  i r  fol lowed by s e v e r a l  a p p l i c a t i o n s  o f  a c e t o n e .  . A  c o t t o n  
swab w i l l  show no t r a c e  o f  d i r t  when comple te ly  c l e a n .  A11 
t i t a n i u m  p a r t s  must be  hea t ed  t o  approximate ly  S O 0 €  above t h e  
M-bond adhes ive  c u r i n g  t emperc tu re ,  wiping w i t h  a c e t o n e  an2 rs- 
pea t ed  t h r e e  times. Th i s  d r i v e s  t h e  o i l  o u t  of t h e  po re s  ~f t h e  
me ta l .  A f t e r  t h i s  t r e a t m e n t ,  t i t a n i u m  can  be c l e a n e d  I n  t h e  n o r s a l  
manner. A c l e a n  a r e a  i s  a b s o l u t e l y  neces sa ry  f o r  bondin? cf gages .  
4 .  APPLICATIO!: OF GAGES - Gages can  be a ~ p l i e d  i n  s e - ~ e r a l  ways, however I two p r e f e r r e d  methods a r e  used a t  BHT. The f i r s t  and b e s t  methoe i s  I usrng  M-Bond 600 .  T h i s  i s  a h e a t  and p r e s s u r e  c u r i n ?  methad which I 
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g i v e s  e x c e l l e n t  s t a b i l i t y  and long  l i f e .  Complete i n s t r u c t i o n s  
a r e  g iven  i n  t h e  l a b  notebook IL-B-001A (copy a t t a c h e d ) .  The 
second,  l e s s  d e s i r a b l e  method, is w i t h  Eastman 910. T h i s  i s  a  
cyanoac ry l a t e  c o n t a c t  bonding a g e n t .  The t i m e  i nvo lbed  f o r  i n -  
s t a l l a t i o n  is less b u t  s o  is t h e  expec ted  l i f e  o f  t h e  adhes ive .  
Th i s  t y p e  of i n s t a l l a t i o n  i s  used  mos t ly  on items t h a t  canno t  be 
r e a d i l y  hea t ed ,  o f f - s i t e  i n s t a l l a t i o n s ,  t a i i  booms, f u s e l a g e s  
and s h o r t  term t e s t s .  About one  y e a r  i s  t h e  expec t ed  l i f e  of 
a 910 i n s t a l l a t i o n .  Some s p e c i a l  t e chn iques  have been developed 
by s e v e r a l  t e c h n i c i a n s  f o r  u s i n g  910 b u t  i n  g e n e r a l ,  f o l l owing  
i n s t r u c t i o n s  g i v e n  i n  micro-measurement i n s t r u c t i o n  b u l l e t i n  
B-127(copy a t t a c h e d )  i s  s u f f i c i e n t .  The main d i f f e r e n c e  between 
t h i s  i n s t r u c t i o n  and a c t u a l  u s e  i n  t h e  I n s t r u m e n t a t i o n  Lab is 
s u b s t i t u t i n g  3M 5490 t e f l o n  t a p e  i n  p l a c e  of  c e l l o p h a n e  t a p e .  
5.  C U R I N G  OF ADHESIVES - A s  910 i s  a  c o n t a c t  a d h e s i v e  o n l y  M-Bond 
-6 0 0  w i l l  be d i s c u s s e d .  For  p rope r  c u r i n g ,  M-Bond 600 r e q u i r e s  
a clamping p r e s s u r e  of  10  t o  70  p s i  w i t h  30 t o  4 0  p s i  a; t h e  
optimum. S e v e r a l  c u r i n g  c y c l e s ,  dependent  on t empera tu re ,  c a n  
be used .  They a r e  f i v e  hours  a t  150°F, two hour s  a t  180°F,  
and one hour a t  22S°F w i t h  e i g h t  hours  a t  1 2 f 0 F  used on o c c a s i o n .  
E i t h e r  one of t h e s e  c y c l e s  can  be used f o r  a good long  l a s t i n g  
c u r e .  
I 
/ 6 .  W I R I N G  OF BRIDGES - Wiring of  b r i d g e s  f o r  f l i g h t  t e s t  is  done 
1 in a conven t iona l 'manne r  u s i n g  s i n g l e  s t r a n d ,  c o l o r  coded,  t e f l o n  
I i n s u l a t e d  w i r e .  The f o u r  gages  of  a b r i d g e  a r e  l a b e l e d :  AB - 
BC - CD - DA. An accompanying drawing shows t h e  v a r i o u s  ne thods  
of  b r i d g e  l a y o u t  f o r  bending,  t o r s i o n ,  a x i a l ,  and s i n g l e  a c t i v e  
arm stress. F a t i g u e  test r e q u i r e s  a  d i f f e r e n t  approach  t5ue t o  
t h e  h i g h e r  l o a d s  encoun te red .  Gages are wired  t o  a  f l a t  t e r m i n a l  
u s i n g  a  sma l l  l o o p  of wire to  r e l i e v e  h igh  s t r a i n s .  T h i s  i s  
r e f e r r e d  t o  a s  a  " K i t t y  Whiskern.  Using t h i s  method i n  c o n j u n c t i o n  
w i t h  m u l t i s t r a n d e d  s u p e r f l e x  w i r e  h a s  r e s u l t e d  i n  v e r y  good f a t i g u e  
l i f e .  
7 .  CHECKOUT OF BRIDGES - -  - Checkout o f  b r i d g e s  i s  covered  i n  Procedure  
13-OP-0403, S t r a i n  Gaging of S t r u c t u r a l  P a r t s ,  Q u a l i t y  Con t ro l .  
8 .  COVERING OF INSTALLATION - A s  p r o t e c t i o n  i s  needed t o  keep t h e  
s t r a i n  gages  i n  good o p e r a t i n g  c o n d i t i o n ,  a c o v e r i n g  i s  used o v e r  
a l l  gages  f o r  most tests e x c e p t  f a t i g u e  tes ts .  The cove r ing  used 
is  Hysol 9309 Epoxy. T h i s  c o v e r i n g  a l s o  p r o v i d e s  a  smal l  deg ree  
of  mechanical  p r o t e c t i o n ,  and is  c l e a r  enough s o  t h a t  v i s u a l  
o b s e r v a t i o n  of t h e  gages  c a n  be main ta ined .  
9 .  COMPLETION OF WORK SHEET - A l l  work s h e e t s  a r e  comple te ly  f i l l e 2  
o u t  w i t h  neces sa ry  i n fo rma t ion  and k e p t  i n  a  f i l e  i n  t h e  Inst ramen-  
t a t i o n  Lab. Th i s  is  covered i n  Procedure  13-GP-931, S t r a i n  Gaging 
of S t r u c t u r a l  P a r t s ,  Worksheets and Documentation.  
C. 1,: I I I I ~ ! . : I ( ~ ~ I .  H O ~ E ~ , F A G E -  I L-U -UO LA 
UFL.I- 1 1 1 - 8  fit .t.>: -rt-I: t ,*-I-.-.,V 
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STMIN GAGE APP1,ICAl'TONS WITH 
).I-BOND ti00 ADl!ES I V U  
hlicro-ktensi~remcrrt M-Borrd 600 Adhesi.ve i s  .? h i g h  pcrfo!-mnnce 
epoxy r e s i n  I o r m u l a t c d  spcci f  i c o l l y  f o r  bondi  a g  s t r a i n  g a g e s ,  
teinpcra t i t r e  s c n s a r  g a g e s ,  and S I N p  Fst i p u e  L i f  c ( ~ S C S .  I.:tlen 
propcirl  y curcd, i t .  i s  ~ s c f  t i 1 from -452OF t o o v c r  7 0 ° F  f o r  
s h o r t - 1 c . m  t c s t s .  I n  common wit11 m o s t  o t h c r  rnatcrii! is .  l i f e  
i s  L i s i t r d  by o x i d a t i o n  and s u b l i m n t i o n  e f f e c t s  a t  c l e u a t e c i  
t empc r;l Lu r c  s . 
1. Rcsi.11 and c u r i n g  a g c n t  t ~ o t t l e s  m u s t  bc a t  room 
t e m p e r a t u r e  bcf o r e  open ing .  
2 .  Using  t h e  d i s p o s a b l e  p l - a s t i c  f u n n e l ,  p o u r  t h e  
c u r i n g  agcnt P o r t  D i n t o  L ~ I C  resill b o t t l e  c o n -  
t a i n i n g  P a r t  A. D r a i n  c u r i n g  a g e ~ ~ t  u n t i l  it: 
t a k e s  two ( 2 )  s e c o n d s  f o r  a d r o p  t o  fo rm on L i p  
of P a r t  D b o t t l e .  
3. A f t e r  r e p l a c i n g  t h e  b r u s h - c a p ,  s h a k e  t h e  b o t t l e  
v i g o r o u s l y  f o r  L O  s e c o n d s  t o  mix. 
4.  The f r e s h l y - m i x e d  a d h e s i v e  s h o u l d  be al.lotced t o  
s t a n d  f o r  a t  L e a s t  LO m i n u t e s  b e f o r e  u s e .  
5 .  \.!rite t h c  m i x i n g  d a t e  i.n t h e  s p a c e  p r o v i d c d  after 
t h e  botLLes havc  been mixed. Thc mixed s h e l f  L i f e  
i s  a p p r o x i m a t e l y  two weeks. However,  when a d h e s i v e  
b e g i n s  t o  t h i c k e n ,  i t  s h o u l d  be  d i s c a r d e d .  
Ill. SllRFACC I'KEPMA'I ION 
1. U s i . n ~ (  inl: pen or p e n c i l ,  mark o f t  grrl:c LocaLion 
a r c a s  p c r  i n s L r u c t i o n s  on Lab work  S ~ C C C : .  
2 .  Rrmnvc i111. f o r c i g n  m n t t r r  ( p ~ i . n t ,  o x i d e  , S C J I - C ,  
etc. .)  Lrom s i t r t a c c  i n  gage rrcr.,  sir\^, c i ~ t ~ c r  
olic. o r  n cromhiti:rt i o n  of  !.he fol.l.ot:iny,: p . ~ i t ~ t - -  - 
s t  I - i  pl'rr (C Lchcm 2 2 3 6 - A )  , nblSnsi v r  r:hccl': 
Lu~-~lccl hy a i r  m o t o r s ,  F i l , ~ r ~ l a s s  I)r.uslit*s n r  
1 r t s p r .  011 111 arles,  c l  c . ,  L c n f l - i n  
d I 1 -  I I 1 o I .  C , f c i ~ i \ ~ m  
7 PAGE IS wm pLnti11g rn l~s t  be remnved from s t c e l  p o r t  a ,  i n  gage and w i r c  r o u t  i.ng a r c a s ,  by use of cad stripl~trr (Arnnroniu~~? t l i ~ r a t c  507, - \.!i~tei- 50: ; ) .  l lsc accLonc 1.0 t ~ c u t ~ . a L i  zc  c:rd s t r i  11l)el- or wilter  L O  ncu t l - ; t l i t c  paint :  s t r i p p r .  
3. Have spcc imcn  dc!;rcasccl 01- dcgi-cosc i n  1.ab w i t h  
s o l . v c n ~ s .  'I'o d c g r e n s c  t i  ta t i ium l ) i l r t s ,  Irc;lt. t o  
a t eml )c? ra t~ i rc  of 50c'F - a11ovc t h e  cu r i .n& tcmpera -  
l u r e  t h a t  w i l l  be i l s rd  a ~ ~ d  c l c a n  :%*it11 a c c l o n c .  
Dcpcat  t h i s  s t e p  t h r e e  ( 3 )  t i m e s  b c f o r c  i t p p l y i n ~  
gages t r, L i ~ a n i u i ~ r  [ ) a r t  s . 
4 .  S:tncl o r  vapor b l a s t :  gngc areas t;l-retl p o s s i b l c  o r  
i ~ l , r a ( l c  t h e  surfncc-  wit !I r~lc t a 1  ccjndi t i o t ~ r  r (Eudd 
No. 1) and  c l c a n  wit11 ammonia foll.owed by a c e t o n e .  
5 .  Using i n k  pen, mark gage L o c o t i ~ n  po i .n t s  pcr Lab 
rcorl; s l lec t . 
I IV. GAGE - PREPARA'SION I 
1. ALL c u r r c u t l y  available nr icro-mr?asufcmen~s  yai ies ,  
exccpt  t l ~ c  Il-bi:cked s e r i e s ,  d o  n . ~ t  r e q u i r e  ;I. prc-  
c l e a n i n g  beforc a p p l i c a t i o n  u n l c s s  c c n t a n i n a r c d  
d u r i n g  hat~cl lZng,  w11i c h  Ice nssunc r\I.v;ays happens. 
Thc gages ma;' be cl.cancd on t h e  b o n d i n g  s i .dc  by 
usi nt: a c o t t o n  a p p l i c a t o r  moistened w i t h  acc r  onc.  
2 .  Gcrnovc gag" f rom a c e t a t e  envelop w i t h  ~I\*CC.ZC~S 
and p l o c c  on o cl1crnical1.y c l e a n  <Lass  or m e t a l  
p l o t c  o r  the gagc box ~ c i t h  the bonding s i d e  of 
t h e  gage down. 
3. Prcss a  s t r i p ,  appro::. 2 o r  3 i n c h e s  Long, of 
S c o t c h  Brand Tcfl-on F i l m  P l a s t i c  Tape No. 599 
a c r o s s  gage, c i t l l c r  l c n g t l ~ w i s c  o r  w i d t h w i s e ,  
depending on a v n i . l . n b 1 ~  space f o r  pLacing gage  
on sycci rnrn .  I l ~ i r ~ g  a metal. s t  roigllt. ccige and  
>i-t,cl:, I:r.i.Cr., trim Lapc w i d t h  l o  opprox.  w i d t h  
01- Lcngt 11 of gagc n ~ n r r i s .  
2 .  U s i ~ i g  Sculc l l  Brniid Nu. 5 4 9  tape, 117~sk  o f f  
c:~cl\ sidc of gag:. and a c r o s s  one crltl of gage 
I ~ o l t l i n g  tnpc . (approx. 0.1 inch  Cro~n G ~ L : C )  
3. Usinr! n p a i r  of tr:ce:?ct-S, peel. ~ : l y c '  ' l i lpe 
as~;c:nhl.y II;IC:IC Cram st l l-face ar~ci I 'i  I I ~  sll
i I ;  I .  Rnniove i n k  1.ir1cs wi.th 
. -  p ---- -
e iml~~nnin tcd  o t t o n  t l p p c ( l  n p y l i c ~ 1 t  or. 
4.  l t cc lcnn  spccimen and gnrc w i t 1 1  c o t  t o n  i lp r ) l i -  
c a t o r s  moistened i.n a c e t o n e .  
5.  Coat  S ~ C C ~ Q I C I I  nncl bark  of I;ny,cs r i j  t 11 n ( lhc( ; ivc ,  
and all.crt.: sur laccs  : o  a i r  rll-)? a t  I c a s t  ? r ; ~ i n l ~ t c s  
a t  75°F ancl 50,% r c l a t i v c  l ~ t l n ~ j . d i l s  t o  ;111o:.? 
s ~ l \ * c ~ ~ t s  t o  e v a p o r a t e .  Longer c l ryjnc  L irncs 
6. R c - p o s i t i o n  gage on surface of specimen.  
7 .  PLzce a p i e c e  of T e f l o n  f i l m  tape  C ~ O S S W ~ S C  o r c r  
i n s t a l l a t i o n .  
8. P l a c c  s i l i . c o n e  rubbe r  pad and back-up p l o t e  o v e r  
i n s t a l l a t i o n .  
9. SI?I.-ing-clamp o r  C-clamp i n c  t a l l a t  i o n .  Once 
clamps a r c  a p p l i c t l ,  110 t:0'1. RELEASE CLII I I ' IKC 
-- -- ---- -- 
PRESSURE UF!'l'IL I \ I ~ I I ~ < I V  E C U k E  1S CCi;.lCldf.l !:. 
-. - - - -  --- 
Clamping p r e s s u r c :  LO t o  10 I)=, 30 t o  60 
p s i  o p t i t n ~ ~ m .  Steps 5 t h rough  9 shou ld  be 
cornpLcLed w i t h i n  20-30 m i n u t e s .  
VI. CURE PROCEDURE 
1. P1.ace specimen i n  o v e n ,  and r n i s c  temperatu; .e ,  
pcr  i l i s t r u c l i o n s  on l a b  work s t ~ c c t  , 1.3 cu r - jnc  
Lcvc l .  l 'ime n~lc! r u r c  tcn~l>el-nturc.  rcco:~!ncnci,~- 
t i . 0 1 1 ~  a rc  ;is fc l lor ,*s :  5 11~lur-s a t  150',F, 2 hov r s  
a 1  LISO"P, 1 I lnu~.  a1 225'F. 
2 .  Upon complc l l on  of ccrs c y c l c ,  c o o l  spccimen t o  
n  t cmpcrat  11r.c. o f  opp)-ox. 100 .I: 1)cf o r c  rc.fltc>*ji)c - 
1 1 n  i t .  'I':!g t o  ic!cnt i f y  hot: p a r t  L 9 
1'1 vvcnl: n c c i d c n t a l  b u l . 1 1 ~  t o  p e r s o n s  i.n lllc a r e a .  
8 v Us, j ~ !  I.! ;:.L t: p !it- P A G i  ----- 
I -I-1.1. I ~ r - I  I* r.11 - I I I< , , .,.*I 
t: '  e ~ ~ o l l  I t 1  * I ,  I*** * .*. l l l 8 l  
CH ECI:E 0 -l-!?&-'s- 
-_ .-- .----. -..- -.-- 
VI I . F J.tItlL 1NSI'ALI.rSl'JOtZ 1'P.OC T;I)IJltE 
--
1, \rc.ry carctful1.y rcnrovc t l i c  t a p e  f r o ! ~ ~  atid n r o u n d  
gages. 
I 2 .  Rc.cl.r~nn !:;~r,r! nu:l s t ~ l , r . o ~ ~ l ~ t l i n ~  a r e a  \ c i  t h  c.o! ton  a p ~ ) L  icilt. o1.s mais l- c ~ ~ c c l  i.11 n c c t  one . 
3 .  Using i n k  pen, i d e n t i f y  a l L  gages p e r  wo1-k 
shccL .  
~ 
: 11. S c l c c t  n p p r o p r j a t c  s nl .dcr  and a t  tar11 ].cad -i.n 
\ , ~ i i - c s  t o  gngc:s, l ~ c i ~ i i ;  sure t o  use sul t lc l - i . l ) r :  
f l u x .  Remove f l.ux \ , l i t  11 ;iceL one. 
5 .  Route  t ~ i r c . s  n c ~ n t l y  t o  t c ) - i n i n a l  s t r i  p ,  co?l , ,Lct ing 
a bridge c i r c u i t  o r  a s  i n s t r u c t e d  by Lab work 
s h c e t  . 
6. C l ~ c c k  and r c c o r d  nn ].all work s h e c l  t i rc  folLsr . ! i~lg:  
b r i  dgc b a l a n c e ,  1.001; I)L-itlgc I~ziLnncc! a i ~ t l  r c s  i s  ta r lcc  
1:o g r o u l ~ d .  Bc S I I I T  hric.1r.c h a s  p r o p c r  cutp:~L- ;:nd 
good " z ~ r o "  r e t u r n  s t a b i l i t y .  ( C l ~ c c k  f o r  mised 
w i r i n g  a t  t:l~is t i m z . )  
I 7.  U s i n g  ink pen, mark Lab nt~rnbcr  on s p e c i m e n .  I 
8. V c r y  cc?r*eFul.Ly c1.er.n nrcn  t o  be covcrc.d w i t h  
a c c t  onc J I I ~  app1.y p r o t c c  t i v c  coat  i11g per i n -  
s L r u c t i o n s  on l a b  \cork s h c c t .  
9. T o t a l  c o m p l c t c d  i n k t o L 1 u t i o n  must  be c h e c k c d  f o r  
q u a l i l y  811d workmanship, as s p e c i f  i c d  by t h c  Lab 
work sheet  , l)y ~ I I ~ , C I I C ~  q u a l i f i e d  p e r s o n  01- Lab 
t c c h n i c i . n n ,  a c k n o w l e d g i ~ ~ g  a p p r o v a l  by s i g n i n g  
t l ~ c  work s h e e t  . 
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 ORIGIN^ PA= fir Strain Gage Installations With I:. 
O F P ~ ~ R Q U A U ~ V  M-M Certified Eastman 910 [ 
$licrc~.>Ic:~~t~rt~ni~~~~t~ ( ' c * r i f i c * r l  E::lsttt~itrt !11O c~c~ttic~ttt i s  :t t i  c*xc.c~lI~'nt ~c* t ic . r i t l~~~t~r~mse Inlmrntory adhesive I 
II~NCPIICC of i t r  fiirt r~n:nl.ta!tt\ln.r:tIl~rC rwrc it1111 cbnw of al~lrlic.itticrn. Whcn l)roln'rly hanrilcci i t  can Iw used 
fnr high c l~~n~:t t i~, t t  t(.* ?;. fur fi~tiguc stt~rlit!~, for onc-r,vc.lt* 1)rcw)f tcsls to over Y)I)-F or to tbelow -:1003F. i. 
I t  is comlt;rtiIlIt* ;vit h :ill hl-11 striritr y i ~ ~ i * s  : u ~ l  :III c.omtnon strartttritl mi~t t*r i i t l~.  For Iwst reliiiltility it is. 
shor~lrl Ile ;~lq)livcl to urtr1iic.c . l c t \ v ~ ~ c n  thc t t~~ i~ l~ t * r ; t t t l r t *  of 70 F r~ncl M.j-F :rnd :I tr*littivc humidity envi- 
rt~nrnt~tit of 31 111 ti.',;-. $l.hl !)I0 Ci~t;llyst 1l;ts Ilc.c.~t sl~*c*i i~l ly ft)rrnttlirlc~l !o conlnrl thc rcnctivily raltb of t 
, . [hi; :~clhc?;ivc.. I he- c.;tl;il!*st should I)u ttsctl spi~riaqly for 11t*bt ri*?;ttlts. Exc.rbs*ive catalyst citn ccrntril)u~c 
ni:uly prol~lcnis. C.K. I rwr I~o l~c l  striwgth. :IKU t*~i~lrr i t t lcmt~nt of tlte n~ll~t*uive. pcm gltte-line thickness 
I-ontrol. cxtclnelccl .~olvvtlt ctv;tl)orirtion time rc*citti~.cnie~nt~. v c. Sitrcta Ei~stnian !)lo. a cy:tno-ocrylate. 
is :*try hyyrc,-c+t~lric. i t  > l i~) i~ Id  I* r:rri*fitll,v l)rotc~ctc~l i gitittst rnoislnrc alrurrrl)tion. 
11. Surface I'rcparotion: 
Thcre :Ire m:lny st~rf;tcv Iwc*l)itr:!',o~i tcchnirlucs itvailal~lc tcr sttit the rccttriremcnts of various vtructural 
m:ttt.riais. sur.it :I.: titost: inrlirittcvl in  h1.N TkX'lI NO'I'E 'I'N-!:I.?. Iktsir mcatallic cleaninn j ) r ~ i ~ ~ l u r e s  itr  
to ~!cg, cirsc* with sc~I\t*nt?; YIII'II ;IS ( :hl~roth~nc* or Frcon TF: iJ1r:ttle surfitc*~. itntl clean with bl-I'rtap i 
(:onrlilionc*r ,\ i~nt l  h'c*r~tr:~lizcbr 5. in  t l i i ~ l  scBclrlcbqn*. E:;r.;tmiln 910 will not l)rotlt~cu! *;ltisl;trtory h n t l  
4 strc~ngthu to i~c.i t l i t -  *i~rf:rrt~s ncrr to ltichly :tlkitli~\t~ sr~rl:tccs. I k s t  surl i tr~' ct~n(litions cnn t ~ c  )l~tainr.~l with 
1 i t  fin:~l ~ . l v i i n in~  w)lrttiott sac.11 it4 L1.hl Ncr~t r i~ l iz t~r  5. Sititbt~ this solution is  tvi*itkly :~tkalinc. i t  shoultl not 
Ilc ello\vnl tar tlry : ~ t  i ts IVI cvitl)or;itic)a r;ttc cln thC sl~rf i t~t !  I ttt sho~tltl In* rt*mt)vctl with onc strt)Iic usi. y 
u:irtzc qwnac*.:. !lIfl ('cnit*nt slit-ulr: i ~ o t  Irc ttsctl on lwrouq or hc*nvily pitted s\lrfnc.cs since Ilropcr l)oncl 
forn~irlion occws only in i t  Ihitl filln. 
5. 
111. (;urtc IBrcpuration: 
1. hll l)rc-t*nt.cl;~\ Xl-31 ~ : ~ y t * u  uuc~l for t ~ ~ ~ n - r i n ~ e ~ n t i t l  slrt6uu i~nitlyuis hitvtb IN*~II trt*itl(~tl for olrtirnurn 
Iloncling c~rnt l i t io~~> :tn~l rt*clttiri* no ~)rl*-t'lt*itt\ing I)t-forc IW ~CIIII(*SS contarni t t~t~d (luring hitntllinq. 
l'he II:IV~ of ~III.\. r:tcc* may IN* ~.II*:IIIIV~ with i t  trrltun ;il)l)lic-ntcrr sl i~ la l ly  mc~istenc*l with Neutralizer 5. > 
2. I'Iilrc thc Iwntling siclt* of ~ h t .  g:~gt* on it  rhcmicnlly clci~n work s~rfitet! sttch ai'a nlitss plate or the 
giigt* I1ox. 
3. Pick ulr tltc gilr[ia with ;I stril l uf :!.A1 1) 157 t~*lloph:~nc la;* ant1 apply tcrminal strip in tleci:etl locnlion. 
I. Position g:1g18 ~.c~lb~lrh:~nt~ t i~ln,ovvr I:~y.ot~t lint's on sln*l*itttcn. 
2. I.i!t otil. c.nci oi t;11'1' it1 i~ hh;lllo\v ilngft* to sttrfitc.c* !;tI~)itt 45 \ unli l g:tr[tD ant1 1crmi~:tl i lrb frcc from 
s t i r f i ~ ~ ~ .  
I 3. TIII.~ I(M)W cncl of I:IIM~ r~ntlt.r :11i1l 11n.u~ lo  u~trf;rc~* so th i~t  hce cxprwtl r:tsc8 lily% [Ipt. 
-1. I{~*srervt* !)I0 c.i~ti~!y*t I r r tcs l~ frcltn I ~ ~ t t l r *  :lml \viln& uc-vc*ritl litnc*?; on nc$c.k of itottlr to rcmovc rxcwss 
I 
" i f i ~ r i t l .  5. r\l)l)l,v ri11:tlyet to gitr[tl 1)y ~wir l r l~ iny surfarc withatlt lilting brush. Move clo\vn to terminal strip, 
sw:tl). :tncl thr-n li lt 11r1141. 
- 
. -  . fi. t \ l l t ~ v  I-:II:II> st {I) 111.y fur 111 lt*:1?1 11nt- rnit i~~lt*. 
7. :\l)ply ;I elrc~lb uf > l . > I  t'a*t*tifit*tl !1IO 11) sttrf:~(+t* JIIC~ IN~II~\V tvlgib of I i t IW.  
P. I.ifl cncl of t i ~ l ~ *  itnd I~ritlgc* 1rvc.r iwlht-sivo :tt :tl~l)roxim;~lc.l!. :I 45' itnglc. 
!I. \\'it h ;) oil-tr* of U:III/I* or te*fIartt filttr nr:~kc* ;I*itigli* firm xtr18kc ovior t i i l~c ;tntl within one suroncl y1nt.e 
thomlr over in-t;1l1:1ticrn i~nt l  ht~lcl fe~r : ~ t  Ic*it.t fil) sccon~lu. 
10. \Yht*n rthilcly I I~ :it i:tc.h lc*:~ciu. rcbmotim titlw. I,! ~n*c*litir[ 0;tt-k elver U;IPC i~~+t i t l l :~t i~r t i  so 1 hat t;tlns nbmains 
~~iiritlli*l I t )  *Ill f; l l~*. 
I :  '~II 11rt- ic~tt t  t~xtr**ui\t* flo\v II~ !)If! nDttv..li: o v t ~  *ttrf;~t*t- of olnecimcn. rni~uk elc*.;iretl nre:r with the 
3.hI 8 157 ~I*IIII~II:I~II~ t ~pt* lbric~r 11) K:II!I~ in-t:tIl;tt ion. RT-13 
> .  
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GENERAL : The I n s t r u m e n t a t i o n  L a b o r a t c r y  haa r e s p o n s i b i l i t y  
f o r  q u a l i t y  c o n t r o l  o f  s t r a i n  gage i n s t a l L a t i c , , ~ s .  
. 
REFERENCE: E n g i n e e r i n g  L a b o r a t o r i e s  Group F u n c t i o n  80-13-004, 
I n s t r u m e n t a t i o n  L a b o r a t o r i e s  S t r a i n  Gaging of 
S t r u c t u r a l  P a r t s  
N0.13-OP-0403 i <. 
l c l l  H c l i c o p t c r ~  INSTRUMENTATION LABORATORY, 
i 
01 I :, '~I:J(; PIIOCEDURES I % 
I -  1-20-78 J 
r I T L L  STRAIN GAGING OF S ~ P R U C T U R ~ L .  FARTS - I , , -  ,:,,,, ,.( t i  , l , & ~ J ~ , G G  ll,.,Lpr.2 .77 2 
QUALITY CONTROL I ; I ~ e ~ k t ~ ! l  I:\. : E;[ cx&, L ) ~ L c  4.2 7 3  
I PROCEDURL : 
1.0  V I S U A L  INS?ECTION OF INSTALLATION - A v i s u a l  i n s p e c t i o n  o f  a l l  
L n s t a l l a t i o n s  i s  c o n d u c t e d  by the g a g i n g  t e c h n i c i a n  t o  d e t e r m i n e  
i f  gage  i s  bonded i n  t h e  correct p l a c e ,  w i r i n g  is c o r r e c t ,  and 
no o b v i o u s  d e f e c t s  e x i s f ,  t h a t  car, be  s e e n  w i t h  t h e  naked e y e .  
2.0 ELECTRICAL BALANCE OF BRIDGES - An e lect r ical  b a l a n c 2  o f  e a c h  
b r i d g e  i s  made tc  d e t e r m i n e  i f  a l l  gage  r e s i s t a n c e s  a r e  ap- 
p r o x i m a t e l y  e q u a l .  A b r i d g e  b a l a n c e  box w i t h  a m i l l i v o l t m e t e r  
i s  used  f o r  t h i s  p u r p o s e .  For  a l l  tests, a r e a d i n g  between p l u s  
and minus t e n  m i l l i v o l t s ,  w i t h  t e n  v o l t s  e x c i t a t i o n  ( t l  mv/vo l t )  
i s  a c c e p t a b l e .  T h i s  c o n d i t i c n  i s  s a t i s f a c t c r y  w i t h  350 ohm g a g e s  
o n  m e t a l  and 1000 ohm g a g e s  c- f i b e r g l a s s .  When 350 ohm g a g e s  a r e  
u s e d  o n  f i b e r q l a s s  spec imens ,  t h e  v o l t a g e  mus t  be reduced  t c  ap- 
p r o x i m a t e l y  t h r e e  v o l t s .  When t h e  s t r a i n  g a g e  b r i z g e  o r  "stress 
gage"  h a s  m e t  t h i s  r e q u i r e m e n t ,  i n  a n  u n s t r a i n e d  c c n d i t i o n ,  it 
i s  deemed s a t i s f a c t o r y  as f a r  a s  b a 1 3 ~ ~ -  is c o n z e r n e d .  
RESISTANCE TO GROUND CHECKS - Tk.e n i x k  =LC? i n  c h e c k i n g  a b r i d g e  .' 
f o r  q u d l i t y  i s  made us in , -& i n s u l . a t i o n  t e s t e i .  A -very h i g h  
r e s i s t a n c e  t o  ground o f  a t  l e a s t  10 ,000 meg ohms Trr b r i d g e  i s  
r e q u i r e d  w i t h  a minimum r e s i s t a n c e  ~f 1300 megs f o r  m u l t i p l e  i 
( i n  e x c e s s  o f  t e n )  b r i d g e s  t h a t  a r e  common w i r e d .  Many b r i d g e s  
may be  t i e d  t o g e t h e r  t h r o u g h  t h e  common v c l t a g e ,  and low rcsis- 
t a n c e  t o  ground wculd d e g r a d e  t h e  whole s : r s t e m .  Some d e g r a d a t i o n  
o c c u r s  w i t h  t i m e  and t h e  e l e m e n t s  s o  it i s  mandatory  t o  have 
a v e r y  h i g h  resistarce t o  ground t o  s t a r t  with. Anything less 
t h a n  t h i s  r e q u i r e s  rework o f  t h e  g a g e s  or a s s o c i a t e d  w i r i n g .  ~; 
i POSITIVE I D  OF GAGES - P o s i t i v c  i d e n t i f i c a t i o n  c f  g a g e s  i s  an a b s o l u t e  n e c e s s i t y  t o  p r e v e n t  t h e  p o s s i b i l i t y  of  m i s t a k i n g  o n e  b r i d g e  f o r  a n o t h e r ,  S e v e r a l  methods c a n  b e  u s e d  b u t  t h e  most  
a c c e p t a b l e  and a c c u r a t e  is  t o  v e r i f y  c a n t i n ~ i t y  fro:? e a c h  
b r i d g e  t e r m i n a l  t h r o u g h  a l l  a s s o c i a t e d  w i r i n g  to  t h e  c o n n s c t o r  
o r  t e r m i n a l  block.. B r i d g e  i n t e r w i r i n g  c a n  u s u a l l y  be d e t e c t e d  
u s i n g  t h i s  method t o o .  A v e r y  bad assumpt ion  is  " t h i n k i n g "  
t h a t  a  b r i d g e  i s  one  p a r a m e t e r  when it i s  a n o t h e r .  A l l - b r i d < e s  
must be v e r i f i e d  b e f o r e  d a t a  c a n  be a c c e p t e d ,  a s  many d e c i s i o n s  
a r e  based  on good u s a b l e  i n f o r m a t i o n  o b t a i n e d  from s t r a i n  gage  + 
b r i d g e s  . % .  
5 . 0  CALIBRATION, EVALUATION AND FINAL ACCEPTANCE - The f i n a l  deter-  
mination of a qaod bridge is made durinq c a i i b r a t i o n .  A known 
load is mechanically applied to the s t r a i n  gaged part  and the  
e l e c t r i c a l  output is measured to e s t a b l i s h  a u n i t y  cal. Ac- 
I 
ceptable  q u a l i t y  o f  c a l i b r a t i o n s  involv ing  l i n e a r i t y  and cross 
t a l k  l i m i t s  are g iven  i n  Operating Procedure 13-OP-0552. 
N0.80-13405 / wen ~ c ~ . r t c r ~  ESGISEERING LIBORATORIES 
CRn!!F FUSCTIO'iS Rev. 
D3tC2-16-73 
I '  
.;ENER\L: The Instrumentation Laboratory provides equipmenr 
and personnel to support the acquisition, reducticn, 
I and documentation of calibration data from strain 
t gaged parts. 
REFERENCES : None 
i VUXCTIO::~ : 
j I. Acquisition of Calibratien Data - Group 13 provides equip~ect, 
wiring, ace personnel to indicate and record the outpst vcltz~es 
I 
I from strain gaged parts during calibration. Close ccordi~ati~n 
with the Nechanical Lab, Group 18, is involve2 in this effcrt. 
2 .  Data ReZzstion and Checkinq - Calibration data is reduced and 
check5 by Groap 13 personnel. This effort is generally ac- 
I 
I complished using a calculator based data system although other 
methods may be used. Data is also checked and approved by 
Group 18. 
3. Doccmentation and Reccrds - All reduced calibration data is 
entered into a file maintained by Group 13 personnel. 
ORIGINAL PR?? fs 
OF POOR QUAL:TY 
GENEUL: Group 13 provides equipment, wiring, and personnel to 
acqcire and record the output vcltages from strain 
gaged parts during calibration. Close coordination 
with the Mechanical Lab, Group 18, is involved in 
this effort. 
- .  .- - .  
. . 
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r 
REFEREXCES: (1) Engineering Laboratories Group Function'80-13-005, 
Calibration of Strain Gaged Parts 
( 2 )  Instrumentation Laboratory Group Procedure 13-OP- 
0502 
(3) HP 9830 Operation and Software Manual 
8e11 ~e~ icopter  G-3 
PROCEDURE : 
1.0 GEXERAL CALIBRATION PROCEDZRES 
1.1 Group Responsibilities - The responsibility for calibratiox 
of structural parts is shared by Group 13 and Group 18 
(Mechanical L a b ) .  Group 18 is primarily r.esponsible 
for providing the equipment, personnel, and procedure used 
to load the part. Similarly, Grcup 13 acquires the output 
data from the strain gages, reduces the data, and files 
and catalogs the results. The data is checked by both 
groups, however, final responsibility for approval of the 
calibration lies with Group 18. 
, 
; ' I I?:s: ..! !:;i::j r;;!.~:]:! ~:,3ni>.-~.1.!2j:..! 
.qr'l-!..ATZ:!S F?,C)CCDC!?ES 
I: ' 1  112-20-77 
1.2 Load Standards - Depending on the method chosen, the load 
standard may consist of calibrated load cells or calibrated 
hydraulic cylinders and pressure gages. 
-13-OP-05C 
y -  A 
T ITLE CALIBWTICN OF STR4iN GAGED PARTS 
- ACQUISITION OF CALIBRATION DATA 
1.3 Data Acquisition Equipment - The equipment used to acquire 
strain gage output voltage readings may b e  any of the 
following: 
, , : biJLc- ,$ 
' C1:eckp.-i I!\,: r [12 t c ,  2 ,  ;aA 
a. HP 9830A Calculator Based Data Acquisition System 
b. HP2013J Calibrator System 
c. Fatigue DAS 
1 :=f)p!-[>...ctl I n  : 1, J k*. :),,L,-, - 2 ,  7 9  
1.4 Accuracy Classification - Calibration accuracy is dependent 
on the nature of the part and the equipmerat and methcd used 
for calibration. After a part is calibrated', an analysis 
of the data will be made to determine the accuracy classi- 
fication for that particular part. Specific criteria t: 
be used for this classification are a g r e e d  upcn by Gro:~s - 
13, 18, 46 and other data users. See 13-OP-05D2; Data 
Reduction and Checking, Section 2.0. 
2 .0  CALIBRATIONS DONE WITH HP9830A CALCULATOR - The p r e f e r r e d  c a l i -  
b r a t i o n  method is  t o  u se  t h e  HP9830A c a l c u l a t o r  system wi th  l oad  
cel ls  a s  t h e  f o r c e  s t a r ~ d a r d .  Th i s  method n o t  o n l y  p rov ides  b e s t  
accuracy  b u t  s a v e s  c o n s i d e r a b l e  t i m e  and e f f a r t .  
I 
I 
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I 2.1 C a l i b r a t i o n  Se tup  - Pre l imina ry  s t e p s  i nvo lve  c o o r d i n a t i o n  
w i t h  G r ~ u p  18 t o  de te rmine  t h e  t y p e  of  p u l l ,  number of  
c a l i b r a t i o n  p o i n t s ,  l o a d  cells t o  be used ,  gage and load  
s t a t i o n s ,  etc. 
lell ~ e l i c o p t e r m  
2.1.1 C a l c u l a t o r  System P r e p a r a t i o n  - The c a l c u l a t o r  
system is prepared  by connec t ing  i t  t o  a l lSV AC 
power sou rce  and a l lowing  a  15  minute  warmup. 
During t h i s  t i m e  each  of  t h e  i n p u t  channe l s  shou ld  
be  connected and t h e  - a l i b r a t i o n  d a t a  s h e e t  p repa red  
A f t e r  warmup, t h e  prt r b r i d g e  v o l t a g e  should  be  
set on t h e  power supp (6.000 v o l t s  f o r  f l i g h t  
test p a r t s ,  10.000 vo s f o r  p a r t s  t o  b e  used on t h e  
f a t i g u e  DAS). The c a - i b r a t e  program is n e x t  e n t e r e d  
i n t o  t h e  c a l c u l a t o r  u s m g  d e t a i l e d  o p e r a t i n g  in -  
s t r u c t i o n  provided  by t h e  "HP9830 Opera t ion  and 
Sof tware  Manual". 
2.1.2 Se tup  Data Ent ry  - The c a l i b r a t i o n  d a t a  s h e e t  i s  
f i l l e d  o u t  u s i n g  in fo rma t ion  provided  by Group 1 8  
and t h e  worksheet  f o r  t h e  p a r t  be ing  c a l i b r a t e d .  
Th i s  i n fo rma t ion  is  e n t e r e d  i n t o  t h e  o a l c u l a t o r  
u s i n g  t h e  " s t a r t "  and " inpu t "  s u b r o u t i n e s  (Ref. 
"HP9830 Opera t ion  and Sof tware  Manual").  
I 
1 . 5  R e c a l i b r a t i o n  I n t e r v a l s  - The u s e  and r e q u i r e d  accuracy  
a e t e r m i n e s  t h e  neces sa ry  r e c a l i b r a t i o n  i n t e r v a l .  A l l  
p a r t s  s h a l l  be  downgraded t o  t h e  n e x t  accuracy  c l a s s i f i c a -  
t i o n  a f t e r  1 y e a r  has  e l a p s e d  s i n c e  t h e  d a t e  o f  c a l i b r a -  
t i o n .  A t  t h e  d i s c r e t i o n  o f  t h e  test e n g i n e e r ,  a  p a r t  may 
be r e c a l i b r a t e d  o r  else c o n t i n u e  i n  u se  a t  t h e  downgraded 
accuracy  c l a s s i f i c a t i o n .  
INSTRUMENTATIO?I LABORATORY 
0PER;-1 IiG PROCEDURES 
2 .2  Data A c q u i s i t i o n  - The f i r s t  s t e p  p r i o r  t o  beginning  d a t a  
a c q u i s i t i o n  is  t o  perform a  p o s i t i v e  i d e n t i f i c a t i o n  check 
f o r  each  of  t h e  b r i d g e s  be ing  c a l i b r a t e d .  Th i s  i s  done 
!ir:.13-OP-O5Cl 
Rl:?.. A 
~ ~ t 3 2 - 2 0 - 7 7  
u s i n g  t h e  "monitorn s u b r o u t i n e .  I 
2.2.1  Zero P o i n t  - With t h e  test specimen a t  t h e  z e r o  
load  c o n d i t i o n ,  e x e c u t i o n  of  t h e  " load"  s u b r o u t i n e  
is  begun. A f t e r  s e v e r a l  c y c l e s  t o  t h e  max. l oad  
p o i n t  and back t o  z e r o  and when i n d i c a t e d  by t h e  
c a l c u l a t o r ,  t h e  z e r o  load  r e a d i n g s  a r e  taken  and -
. -  - 
s t o r e d .  
2.2.2 Load P o i n t s  - Each succeeding  load i s  a p p l i e d  and 
a  set  of r e a d i n g s  a r e  t aken .  A t  l e a s t  f i v e  load  
p o i n t s  a r e  taken  ( p l u s  t h e  p r e  and post z e r o  p o i n t s ! .  
Only i n c r e a s i n q  load p o i n t  a r e  recor2ed .  Th i s  
procedure i s  con t inued  u n t i l  a l l  p u l l s  (beam, cho rd ,  
t o r s i o n ,  e t c . )  a r e  complete .  
??52  5?447 RF-18 
ORIGINAL PAGE IS 
OF POOR Qt'ALIN 
r 
BCII ~ c l i c c p  tcr L-3 
I 
2.3 Data Output and Handlinq - After each pull the "1st order" , 
subroutine is executed. This subroutine performs a 1st 
or2er least squares curve fit forcing the curve through 
zero. The calculator then checks gags output and deviation 
from the fitted line to determine which calibration class 
the gage meets. The unity cal and lOOK CE are theq printed 
out along with the load and MV output for the data pull on 
each gage. 
2.3.1 After all pulls are complete, the "crosstalkn sub- 
routine is used to calculate the percent crosstalk 
for each gage for each pull. The calculator ther, 
checks the crosstalk to determine which calibration 
class each gage falls in. 
2.3.2 After execution of the "crosstalk" s~broutine, the 
"data summary" routine may be used to obtain a data 
suirunary tabulation. At this point, the calculator 
has checked the data for crosstalk, linearity, etc., 
and provide6 final unity cal values. This data is 
further checked for proper values by the instrumenta- 
tion technician and the Mechanical Lab -est Engineer. 
If the data does not meet acceptable standards, it 
may be necessary to regage the part or make other 
changes prior to recalibration. All acceptable 
calibrations are signed by the Group 18 Test Engi- 
neer and the part is returned to the Instrumentation 
Lab for final covering and shipping. Approved data 
is delivered to the Group 13 data analyst for filing. 
3.0 CALIBRATIONS DONE WITH HP2013J - This method is less accurate 
and requires more data reduction time and should, therefore, be 
used only as a backup to the HP9830A. , 
3.1 Calibration Setup - Preliminary steps include coordination 
with Group 18 to determine the type of pull, number of 
calibration points, jack factors, lever arm lengths, etc. 
Calibrator system preparation includes a 15 minute warmup 
time, connection of input cables and check and setting of 
the excitation voltage level. The calibration data sheet 
is completed with information from Group 18 and the work- 
sheet . 
3.2 Data Acquisition - The first step prior to beginning data 
acquisition is to perform a positive identification check . 
for each of the bridges being calibrated. This is done in. 
the manual scan mode. 
3.2.1 Zero Point - With the test specimen at the zero 
load condition, each bridge balance potentiomster 
is adjusted for zero volts offset. After several 
cyc.es to max load and tack to zero, a set of zero 








3.2.2 Load P o i n t s  - Each succeeding  load  is a p p l i e d  and a 
set  o f  r e a d i n g s  i s  t aken .  A t  l e a s t  f o u r  l oad  p o i n t s  
are t aken  ( p l u s  t h e  p r e  and p o s t  zero p o i n t s ) .  Only 
i n c r e a s i n g  load  p o i n t s  are r eco rded .  T h i s  procedure 
i s  con t inued  u n t i l  a l l  p u l l s  (beam, cho rd ,  t o r s i c n ,  
e tc . )  a r e  complete .  
. 
3 . 3  Data Handling - A f t e r  a l l  p u l l s  a r e  comple te ,  t h e  o u t p u t  
d a t a  is  g iven  a  p r e l i a i n a r y  check by t h e  Group 18  T e s t  I 
~ n ~ i n e e r - f o r  l i n e a r i t y ,  c r o s s t a l k ,  and proper '  o u t p u t .  
Depending on whether t h e  c a l i b r a t i o n  d a t a  meets accepted  
s t a n d a r d s ,  t h e  p a r t  i s  e i t h e r  r e t u r n e d  f o r  r egag ing  aiid 
r e c a l i b r ~ t i o n  or  else t h e  c a l i b r a t i o n  i s  approved and 
Bell ~ e ~ i c o p t c r ~ ~ ~  
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s igned  by t h e  Group 18 T e s t  Engineer  and t h e  p a r t  r e t u r n e d  
t o  t h e  I n s t r u m e n t a t i o n  Lab f o r  f i n a l  c o v e r i n g  and s h i p p i n g .  
Approved d a t a  i s  d e l i v e r e d  Yo t h e  Group 1 3  d a t a  a n a l y s t  f o r  
f i l i n g .  
4.0 CALIBRATIONS DONE ON FATIGUE DAS - I n  machine c a l i b r a t i o n s  done 
o n  t h e  F a t i g u e  DAS are handled s i m i l a r l y  t o  t h o s e  d0r.e on t h e  
HP9830A. DAS s o f t w a r e  o p e r a t i o n  d e t a i l s  a r e  ma in t a ined  by 
Group 92 and S c i e n t i f i c  and Techn ica l  Computing. 
\ 
h 
- r ~  
. -  . 
.., - 
.+ ' , , . ; .: .; 7 -.- - - .  
+ ,  
, .. 
me-- - - - - ------ -.  .-.--- 
, -. ", , . 
e .  
0~i~ii~zi \3 1 
OF WS!? Q:JUI~ Reference 6 
GENERAL : 
Bell nelicopter 
TITLE CALIBRATION OF STRAIN GAGED PARTS, 
DOCZNECTATION AND RECORDS 
The Instrumentation Lab is responsible for the 
documentation and recording of all calibrations 
of strain gaged parts done for both flight and 
fatigue testing. Also, the calibrations for gyros, 
pressure transducers and flow meters calibrated in 
the Standards Lab are documented and recorded by 
the Instrumentation Group. 
- 
N0.13-0F-05!J. 
REFERESCE : Engineering Laboratories Group Function #80-13-CI05, 





/ Prepare" I J ~ :  && Da:c-;-/g-n, 
PROCEDURE: 
L , 
1.0 CALIBRkTIONS DONE ON HP9830A CALCULATOR: 
. 
1.1 Upon receipt of the calibration, the actual date of cali- 
bration is logged in the Calibration Equivalent Book and 
in the cross-reference file. 
1.2 The calibration is then separated into data and crosstalk 
sections. 
1.3 At this point any crosstalk which has been questioned is 
hand plotted. 
Checkc~l by: f /  i). D.Ic~-  j I(  11- 
Approverf by: (; l 5 .  Date 5 1 1  9 7  
1.4 After questioned crosstalk has been plotted, copies of all 
data and plotted crosstalk are made for flight test, fatigue 
and stress groups. 
, '  
1.5 Calibrate equivalents and unit cals are then recorded in 
the appropriate files. 
1.6 The original data is then filed in notebooks. 
CALIBRATIONS DONE ON HP2013J CALIBRATOR: 
2.1 When the calibration is received from the lab, the actual 
date of calibration is recorded in the Calibrate Equivalent 
Book and in the cross-reference file. 
2.2 Following the instructions for computinq program FCCR33, 
the calibrations are keypunched for batch data'loading 
into the computer. A copy of the description and operation 
procedures for the FCCR33 program is available in the In- 
strumentation office. . -  - 
2.3 The FCCR33 program generates four ( 4 )  copies of the final 
computated data which is distributed 2s follows: 
(1) Group 13 retains the original for recording an2 filing. 
(2) Group 46 or Group 18, depending on intenzed use of t h e  
part, receives the second ccpy. 
(3) Stress Group receibc the third copy. 
4 Group 92 receives the fourth copy. 
- 
2.1 The original copy from computing is combined with the raw 
millivolt data for storage. 
2.5 The calibrations from this point are handled the same as 
the data from the HP9830k calculator. 
Rcll ~ c l i c c ~ i [ c r ~  
3.0 CALIBRATIONS DONE ON OSCILLOGRAPH 
3.1 After calibration data is logged into the Calibrzte Eqaivalent 
Book and in the cross-reference file, the actual data is read 
in inches from the oscillograph. This data includes zeros, 
cal steps, and actu61 load readings. 
3.2 The zero is subtracted from each data point read to arrive 
at a delta inch value for each loading increment. 
I 4 
N0.13-OP-0503 
3.3 These delta readings are then hand plotted against their 
corresponding load points. 
INSTRUMF.!JTATION LABORATORY 
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3.4 Ths resulting slope is used to arrive at the desired cali- 
brate equivalent. For symnetrical 3509 bridges the unit 
cal is determined by multiplying the lOOK calibrate 
equivalent by the factor of 0.874. 
Rev. A 
~~t~ 3-14-77 
3 . 5  From this poir.t,.copies, recording, and filing are done 
the same as for the previous calibrations. I 1 .0 INSTRUEIENT CALIBRRTIONS FROM THE STANDARDS LAB : 
4.1 The calibrations of pressure transducers, except for logging 
of the calibration date in the Calibrate Equivalent Book, 
are handled the same as the ones from the HP2013J using the 
FCCR3 computer program. I I 
4.2 The gyros, rate and attitude, are hand plotted to determine 
I the calibrate equivalent and the unit cal or the calibrate 
constant. 
4.3 The flow meter calibrations are also hand plotted to determine 
the calibrate constant only. 
4.4 Each of these three types of instrument calibrations is 
recorded in the instrument card file then filed in the 
separate instrument file notebooks. Only one copy of t h e  
original computed data is sent to the Standards Lab for 
distribution. The original is retained by Instrumentatibn. 
8eIl ~ c l i c o p l e r  
REFERENCES : (1) Engineering Laboratories Group Function 80-13-005, 
Calibration of Strain Gaged Parts 
I 
(2) HP9830 Operation and Software Manual 
T 1 r1.E CALIBRATION OF STRAIN GAG! : PARTS - 
DATA REPVCTION AND CHSCKIiiG 
I PROCEDURE: f 
I 1 l ) ; i~  6 1-20-781 I 
No.13-OP-0502 
r- 
1 -  , , , i 1 ;  : , d 1) , L L  4 2 :  7J 
I !  I :  [)?:,..VJ/:,," 
1.0 TERMINOLOGY - Specialized terminology relative to data reduction 
and checking include the follcwing: 
INSTRUMENTATION LABORATORY 
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GENERAL : Calibration data is reduced and checked by Group 13 
personnel. This effort is generally accomplished 
using a calculator based data system although o t h ~ r  
methods may be used. Data is also checked and ap- 
proved by Group 18. 
a. V?ity Cal (UC) - A calibration constant for bridge type 
transducers. In the general case, this is determined by 
plotting individual calibration data points of bridge voltage 
output in terms of millivolts per volt of excitation versus 
physical input to the transducer in appropriate engineering 
units. Unity cal is defined as the slope in engineering 
units per millivolt per volt of a straight line fitted to 
these data points. 
f ( *: . A 
b. lOOK Calibration Equivalent (100K C.E.) - An alternate cali- 
bration constant for bridqe type transducers. This is I 
determined by dividing unity ;a1 by the amount of bridge 
output in millivolts per volt of excitation produced when 
a lOOK ohm resistor is shunted directly across the CD leg 
of the bridge. 
c. Accuracy Class - A classification shstem applied to cali- 
bration data. The numerical value of the class is indicative I 
oi the approximate three-sigma error percentage to be expected 
in the unity cal value. The method and equipment used during 
calibration as well as the characteristics of the part will 
determine which of three accuracy classes is a'ss:gned. 
d. Least-Squares Error Band - The allowable range of deviations 
of bridge output values from a least-squares line (i.e. - the 
straight line for which the sum of the squares of the devia- 
tions is minimized] . 
e. Crosstalk - Undesirable output from a strain gage brid?e ;;hen 
a part 1s loaded in any directicr, other than the sensit:.:.? 
axis of the bridge. As an example, 2 beam gage on a rotjr 
blade may exhibit undesirable output when the blade is 
loaded in t~rsion, or in the chord direction. 
Percent crosstalk is the amount of output with maximum crzss 
axis loading relative to the amount of output with maximan 
sensitive axis loading. 
L I 
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2.0 ACCURAC'i CWSSIFICATION CRITERIA - A s  p r e v i o u s l y  s t a t e d ,  t h e  
method a n d  e q u i p m e n t  u s e d  a u r i n g  c a l i b r a t i o n  a s  w e l l  a s  t h e  
c h a r a c t e r i s t i c s  o f  t h e  p a r t  w i l l  d e t e r m i n e  wh ich  o f  f o u r  
a c c u r a c y  c l a s s e s  i s  a s s i g n e d  to  a n  i n d i v i d u a l  b r i d g e .  T a b l e  1 
lists t h e  minimum p e r f o m ~ a n c e  s t a n d a r d s ,  e q u i p m e n t  r e q u i r e m e n t s ,  
a n d  r e c a l i b r a t i o n  i n t e r v a l  f o r  e a c h  c lass .  
TABLE 1 
-- 
ACCURACY CLASSIFICATION CRI'I'ERIA 
blinimum 
F e r f  ormance  
S t a n d a r d s  C l a s s  3 C l a s s  5  Class 1 0  
1. Minimum O u t p u t  V o l t a g e  8 mv 4 mv 2  mv 
2 .  L e a s t - S q u a r e s  E r r o r  Band 20 .5% FSO 21% FSO i2% FSO 
3 .  C r o s s t a l k  2 .5% 4 % 96 
Equipment  R e q u i r e m e n t s  
1. Load S t a n d a r d  
2 .  Readou t  Equipment  
Load Cells P r e s s u r e / C y l . ,  P r e s s u r e / C y l  
o r  Dead W t s .  Load Cells, Load C e l l s ,  
Dead W t s .  or  Dead W t s .  
HP9830A, HP9830A, HP9830A, 
HP2013J, HP2013J, HP2013J, 
or  DAS or  DAS o r  DAS 
I R e c a l i b r a t i ~ n  I n t e r v a l  ,- 1 y e a r  2 y e a r s  3  y e a r s  I 1 
Approx ima te  E r r o r  (3-Sigma) 
i n  U n i t y  C a l  ~ 3 %  f 5 %  210% 
C l a s s  99 i n d i c a t e s  n o  c a l i b r a t i o n  on g a g e .  
-- t 
3 . 0  HP9830A CALIBRATIONS 
3 . 1  C a l c u l a t o r  Checks  - Each b r i d g e  c a l i b r a t e d  u s i n g  t h e  HP9830A 
i s  a u t o m a t i c a l l y  compared  t o  t h e  c r i t e r i a  l i s t e d  i n  T a b l e  1. 
Tbe c a l c u l a t o r  d e t e r m i n e s  a n d  p r i n t s  o u t  t h e  . b e s t  a c c u r a c y  
c l a s s  m e t  by  t h e  b r i d g e .  Also l i s t e d  i s  maximum o u t p u t  
v o l t a g e ,  a c t u a l  error band a n d  p e r c e n t  c r o s s t a l k .  
3 .2  C a l i b r a t i o n  A p p r o v a l  - S h o u l d  t h e  a c c u r a c y  c lass  d e t e r m i n e d  
be  deemed a c c e p t a b l e  by t h e  Group 1 8  c a l i b r a t i b n  e n g i n e e r ,  
h e  w i l l  s i g n  t h e  o u t p u t  l i s t i n g  a n d  t h e  c a l i b r a t i o n  w i l l  
b e  c o m p l e t e .  S h o u l d  it n o t  b e  a c c e p t a b l e ,  r e g a g i n g  o r  
c h a n g e s  i n  e q u i p m e n t  may be r e q u i r e d .  
. -  - 
- . 
4.0  HP2013J CALIBRATIONS 
4 . 1  P r e l i m i n a r y  Data Check - The Group 1 8  c a l i b r a t i o n  e n g i n e e r  
w i l l  make a p r e l i m i n a r y  c h e c k  o f  p r i n t e r  o u t p u t  d a t a  t o  
v e r i f y  l i n e a r i t y  and  c r o s s t a l k  a m o u n t s .  I f  t h e s e  a r e  foun2  
a c c e p t a b l e ,  t h e  d a t a  i s  keypunched  by t h e  Group 1 3  d a t a  
a n a l y s t  a n d  r e d u c e d  by compute r  p rog ram F C C R ~ ~ .  
4 . 2  C a l i b r a t i o n o v a l  - F i n a l  o u t p u t  d a t a  is  checked  by t h e  
Group 1 3  d a t a  a n a l y s t  t o  d e t e r m i n e  whe the r  t h e  d a t a  meets 
C l a s s  5 o r  C l a s s  10  r e q u i r e m e n t s .  A f t e r  a f i n a l  r e v i e w  
by t h e  Group 18 c a l i b r a t i o n  e n g i n e e r ,  t h e  d a t a  s h e e t  is  
s i g n e d  o r  e l s e  t h e  p a r t  is r e t u r n e d  f o r  r e g a g i n g  o r  re- 
c a l i b r a t i o n .  
~ c l t  ~ c l i c c p l c r ) l a  
5.0 FATIGUE DAS CALIBRATIONS - C a l i b r a t i o n s  done  on  t h e  f a t i g u e  DAS 
have f i n a l  o u t p u t  d a t a  a v a i l a b l e  which i s  s i m i l a r  t o  t h a t  produced 
by FCCR33. C a l i b r a t i o n  a p p r o v a l  i s  s i m i l a r  t o  t h a t  l i s t e d  i n  
P a r a g r a p h  4 .2  above .  
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Memo to :  M r .  K. G. Wernicke 
. Copies to :  Messrs. S. Blackman, P. Darden, J. Di l l a rd ,  
W. Jennings,  J. Kidwell, H. Lawton, 
P. Mahaney, R. Marr, L. Roach, 
G. Rodriguez, T. Thomason, F i l e s  
Subject :  W-15 PERIODIC CALIBRATION OF FLIGHT TEST 
Il4STRUE'rENTATI ON 
The BHT r e c a l i b r a t i o n  po l icy  i s  t h a t  s h e l f  l i f e  on secso r s  i s  
one year.  Shelf  l i f e  i s  def ined a s  t h e  t i m e  between t h e  d a t e  
a p a r t  i s  c a l i b r a t e d  and t h e  date t h e  p a r t  i s  a c t u a l l y  used. 
Sensors such as accelerometers ,  Zressure  t ransducers  ( c a l i b r a t e d  
by the Standards and Ca l ib ra t ion  Laboratory) a r e  good f o r  s i x  
months after  t h e  d a t e  t h e  sensor  i s  tagged (end of s h e l f  l i f e ) .  
S t r a i n  gage sensors  a r e  c a l i b r a t e d  by the Mechanical Laboratory. 
W i t h  t h e  e x i s t i n g  technology i n  s t r a i n  gage ma te r i a l s ,  bon2ing 
materials and bonding procedures,  it is  f e l t  t h e  s h e l f  l i f e  f o r  
s t r a i n  gage p a r t s  can be extended almost  i n d e f i n i t e l y .  This 
assumes that the  p a r t  i s  no t  sub jec ted  t o  adverse condi t ions  
such a s  moisture,  temperature o r  loading.  Once i n s t a l l e e ,  
s t r a i n  gage s t r u c t u r a l  p a r t s  a r e  used without r e c a l i b r a t i o n  f o r  
t h e  ch ra t ion  of a p a r t i c u l a r  f l i g h t  test program. Experience 
has shown t h a t  malfuiiction of a s t r a i n  gage sensor  on a s t r u c -  
tural p a r t  w i l l  manifes t  i t s e l f  i n  such a manner a s  t o  be 
d e t e c t a b l e  dur,.rg normal p r e f l i g h t  checks. 1 
It is recodmended that t h i s  po l i cy  be continued dur ing  the W-15 
f l i g h t  tesd program. . 
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APPENDIX I 
XV-15 PCM CALI BRATION FORMUI \S 
AS USED IN GDC PROCESSING 
PSF cards with Rcal r e s i s t o r s  (I1Pw module code) 
RCAL ( EU 
= V R C A L ( c t s )  - & F ( c ~ s )  B = REF(EU) - M VREF ( c ~ s )  
AMX cards no c a l  r e s i s t o r  (llA1l module code) 
RCAL(EU) 512 
= LLCAL(cts)  - GPAO(cts) GAIN(GPA) B = REF(EU) - M VREF (cts)  
Definitions: A l l  readings based on an average of 40 data  cycles 
RCAL(EU) I1Pw: Engineering un i t s  represented by Rcal resis- 
t o r  used on a i r c r a f t  
RCAL(EU) I1A1l: Engineering units represented by difference 
between LLCAL and CPAO 
C t s  RCAL(VRCAL): Dig i ta l  counts with Rcals switched i n  
C t s  REF(VREF): Digit21 counts w i t h  a i r c r a f t  i n  reference 
condition 
REF(EU): Engineering un i t s  associated with sensors when i n  
reference condition 
LLCAL: An inser ted c a l  value of precise  voltage on each AMX 
card; avai lable  a t  gain of 512 
GPAO: Shorted input t o  gain programmable amplifier;  avai l -  
able a t  c e r t a i n  gains 
Transformation of ca l ibra t ion  sheet  lOOk ca l ibra t ion  equivalent 
t o  ca l ibra t ion  equivalent used on ship.  
SHIP CAL (SET UP SHEET) = 
C.E. = 115 K R Cal = Slope x A counts 
A counts = R-Cal Counts - Reference Counts 
U C Slope = - 5120 X- 1 1 B.V. 1024 256 GPA GAIN 
301-099-022C 
8 Auguet 1980 
where : 
U.C. = Unity Cal from Cali lratic. .  Sheet 
B.V. = Bridge Voltage a t  Bridge 
5120 - Input W 
1024 - Out-pt Counts 
1 
- =  
1 
256 PSF Card ~ a i n  
301-099-022C 
8 August 1980 
APPENDIX I1 
XV-15 PCM CALIBRATION FORMULAS 
AS USED IN GDC PROCESSING 
(PRIOR METHOD) 
PSF cards with Rcal r e s i s t o r s  ("Pft module code) 
M = RCAL ( EL- j - VRCAL(cts  ) - VREF(cts ) B = REF(EU) - M VREF ( c t s )  
AMX cards no c a l  r e s i s t o r  ("Att module code) 
Definitions: A l l  readings based on an average of 40 data cycles 
RCAL(EU) "PIf: Engineering u n i t s  represented by Rcal res is -  
t o r  used on a i r c r a f t  
RCAL(EU) "Aw: Engineering un i t s  represented by difference 
between LLCAL and GPAO 
Cts RCAL(VRCAL): Dig i ta l  counts with Rcals switched i n  
C t s  REF(VREF): Digi ta l  counts with a i r c r a f t  i n  reference 
condition 
REF(EU): Engineering un i t s  associated with sensors when i n  
reference condition 
LLCAL: An inser ted  cal value of precise  vcl tage on each AMX 
card; avai lable  a t  gain of 512 
GPAO: Shorted input t o  gain programmable amplifier;  avai l -  
able a t  ce r t a in  gains 
Transformation of ca l ibra t ion  sheet  lOOk ca l ibra t ion  equivalent 
t o  ca l ibra t ion  equivalent used on ship.  
SHIP CAL ( SET UP SHEET) = 
BRIDGE VOLTAGE 
10C.kQ AT X lOOk CE FROM SET UP SHEET RCAL RES I STOFS BRIDGE VOLTAGE 
MEASURED AT 
TRANSDUCER 
